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PREFACE

The Subcommittee on Aeroelasticity of the ACARD Structures and Materials Panel (SMP) has produced two
recent publications on the AGARD Standard Configurations for Aeroelastic Applications of Transonic Unsteady
Aerodynamics: AGARD Advisory Report 156, "AGARD Two-Dimensional Aeroelastic Configurations" and AGARD
Advisory Report 167, "ACARD Three-Dimensional Aeroelastic Configurations."*

Now that the AGARD has established standard aeroelastic configurations, the next effort is to encourage
aeroelasticians in the NATO countries to develop improved methods of predicting transonic unsteady aerodynamics
and aeroelastic response and to evaluate them with respect to the AGARD configurations. This Compendium
assists that development and evaluation by collecting the known unsteady aerodynamic experimental data for the
AGARD configurations. it is due mainly to the efforts of Mr Norman Lambourne, recently of the Royal Aero-
nautical Establishment, with Mr HI C Garner of the RAE as a major collaborator.

The next phases will come under the guidance of facilitators for aeroelasticity;

France: Mr R. Dat
ONERA
29 Avenue de la Division LeClerc
92 Ciatillon
Paris

Germany: Dr W. Geissler
OF VLR-A VA
liunsonstrasse 10

Netherands: 3400 Gottingen

Netherands: Mr R. Zwaan
N1.R
Anthony Fokkerweg 2
Amsterdam 1017

United Kingdom: Mr 11 C Garner

Farnborough, Hants CU14 6TD

United stes: Or J. Edwards
I;. NASA Langley R~esearch Centor

MS 340
Hampton VA 23665

Thv facilitatoro will encourage contribiitiotis and comuttiatioito among investigators in the NATO countries
fra few key tvc-dimenaiotal andi three-dimensionul standard configurat ions. Viey will prevent progres

reporto to the ARDI Structuroa and Materials Panel (SHP) in the@ Autuatn of 1983. Tit@ effort will culminate in
a Specilists Hootking on "1'rnn00nic Unstoady Aerodynamico and Aoroolastic Application" at the SHP' wating in
Vail 8C.. We oticoravo ptfit'ntists to the N~ATO countries to comuoicato with amwato tho above faclltatoa to
coordioate their contribution#.

EK~tsn ~i~a tooe oil Adroolaotivity
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COMPENDIUM OF UNSTEADY AERODYNAMIC MEASUREMENTS

SUMMARY

The Compendium contains a selection of wind-tunnel measurements made on some of the
AGARD Aeroelastic Configurations already chosen as computational test cases. Presenta-
tion of the numerical data in the form of separate Data Sets is preceded by a general
review that discusses the various aspects concerning experimental measurements and compari-
sons with theoretical computations.
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DATA SETS

2-D Configurations

1 NACA 64A006. Oscillating flap 1-1
by R.J. Zwaan, NLR

2 NACA 64A010 (NASA Amos model). Oscillatory pitching 2-1
by Sanford S. Nivis, NASA Amos

3 NACA 0012. Oscillatory and transient pitching 3-t
by R.H. Landon, ARA

4 NLR 7301 supercritical airfoil. Oscillatory pitching and 4-1
oscillating flap
by RJ. Zwaan, NLR

5 NLR 7301 suporeritical airfoil. Oucillatory pitching 5-1
by Sanford S. Davis, NASA Ames

3-0 Configurations

6 ME Wing A. Oscillating flap 6-1
by D.C. Nabhy, ItE

7 NORA model. Oscillation aboot swopt axis 7-1
by7 N.C. Lawbotktw

Further Data Soto may be Issued later, as addenda, when excrietal results
for other configurations become available.

Notot Although the Geineral PRjvikw and the a ta Se*ts are separate contribu-
•--ns, a consistent scheme Of ntuibering the pages, references, tables and
figures is usod throughout the Compendium. Thus, for instanco Table m.n .ia
the nth table of Data Set m. For the Goneral Revie s -.
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GENERAL REVIEW

by

N. C. Lambourne*

1 INTRODUCTION

Interest in the kind of unsteady aerodynamics considered here arises from the need
for information relevant to the aeroelastic stability of aircraft. The continuing need
for studies is due to design developments extending to different types of flow and to
new structural configurations. At present there is special interest in transonic and
separated flows, in wings specially designed for superoritical flow, and in surfaces
operating as part of active control systems.

Advances in computational fluid dynamics are giving impetus to the development of
new theoretical methods for unsteady aerodynamics. The development of satisfactory
methods, whilst depending ultimately on comparisons with experiment, is considerably
helped by comparisons between one computational method and another. To assist these
developments a Working Group of the AGARD Structures and Materials Panel has already
chosen a series of 2-D and 3-D configurations and for each a set of test cases, including
a priority subset, to be used for comparisons. These test cases are fully identified in
Refs 0.1 and 0.2, which are the documents that have set the scene for the present
Compendium. The chosen configurations are known as the AGARD Aeroelastic Configurations
and it is now convenient to denote the chosen cases associated with them as the
Computational Test (or CT) Cases.

Although some of the configurations and some of the CT Cases were chosen purely for
theoretical interest and do not have experimental counterparts, others were chosen because
they had been, or were shortly to be, the subject of unsteady measurements. For the most
part, these measurements had been made independently by various researchers and the result-
ing data are situated at separate locations or in diverse documents. The present
Compendium was conceived with the idea of collecting into a single document the experimental
data most important for the proposed comparisons.

Whilst the prime purpose is the presentation of numerical data, it seemed desirable
to include information about the experiments themselves and to mention their more important
results. Also, when experimental data are to be used for numerical comparisons, some
indication of their reliability is neededt for this reason a general discussion of the
various experimental procedures and the limitations of experimental data is included.

For the presentation of the material, it has been found convenient to follow the
kind of arrangement already used in an AGARD document, Ref.0.3, giving a data base for
steady aerodynamics.

2 GUIDE TO COMPENDIUM

The complete list of AGARD Aeroelastic Configurations Is given in Table 0.1. ForI
those configurations having Data Sets in this Compendium this table also given the CT
Case numbers (as defined in Refs 0.1 and 0.2) for which there are experimental data.
For those configurations not having Data Sets the present posit4on regarding the experi-ments is stated. it is intended to issue further Data Sets -ho",vor possible.

Tim Compendium consists of a General Review, of which this prsent uaotion is-part
followed by seven self-contained Data Sets. Each Data Set provides.

- eans for identifying and locating all the unsteady m.asurements that could
be made available.

- a brief overview of the salient features of the experimental results
- numerical data from those teats that relate directly to the CT Cases.

Also, by means of a standard form, each Data Set gives key inforation about the test
equipment and test conditions - infomation that may be found important when Comaing

. experimental and theoretical results.

It is hoped that the information contained in the Data Sets will satisfy the
theoretician through the first stages of coKparing calculation with experiment. At some
later stage the need may arise for comparisons with experimental oasea beyond those p

* selected to correspond with the CT Cases. It is for that reason that each Sat list* all
the experimental teAsts for which data .could be nd .0vailable It requested frou the
original source.

The tables presenting the numerlcal data are mostly copies of computer listings I
from the original data banks. Therefore the form and notation$ diffor across the
various Data Sets. To have reformatted the data to a standard notation and lay-out would

Preparation of the fevi*w and editing of the Compendium was funded by US Air Force Office
of Scientific esearch, EUropean Office of JAeropace Research and Develonment.
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0-2

have required much labour and incurred the risk of introducing errors - apart from which,
a familiarity gained with the original form makes for easy communication if similar data
are required for additional cases.

It will be seen from Table 0.1 that the present Data Sets extend over a range of
2-D section shapes and 3-D planforms. The unsteady model motions are basically either
some form of rigid-body pitching or control-surface rotation; they are mostly small-
amplitude oscillations, although Data Set 3 includes large-amplitude oscillatory and

*: transient motions. The experimental cases also include a variety of types of subsonic
and transonic flow, but it is necessary to refer to the Data Sets themselves for detailed
specifications.

It may be noted that not every CT Case has an experimental counterpart.

2.1 Correspondence between experimental and computational cases

Although it is true that the related CT Cases were chosen from the available
experimental tests, the degree of relationship between them differs over the complete
series.

The type of unsteady motion is basically the same for corresponding experimental and
computation cases. In some CT Cases the specification of parameters such as amplitude,
frequency, Mach number, Reynolds number, model incidence and flap angle are in exact agree-
ment with the experiments. But for Data Sets 4 and 5, which both relate to the super-
critical aerofoil NLR 7301, there are differences between the experimental and CT values
of model mean incidence a and Mach number A as shown in Table 0.2.

With regard to Data Set 4, the explanation is straightforward. The airfoil was
designed by a hodograph theory which predicted shqck-free flow at M - 0.721 and a m
-0.19 deg. In the NLR experiments this type of flow did not occur for those theoretical
values of M and am  but was approximated as closely As possible for a different
combination3 M - 0,744 and a F 0.85 deg. The differences were mainly due to viscous

effects and tunnel interference. Thus the CT specificationg were chosen such that theory
would produce flows similar to those observed in the experiments, on the argument that-
these specifications will compensate for the two effects.

The situation with regard to Data Set 5 is rather more complicated because, at. the-
time the CT Cases were chosen, these data, generated at NASA Ames, wore not available.
As in the NLR tess, the experiments from which the data are abstracted were run for com-binations of M and a which gave classes of steady flow corresponding to thoe pre-

dicted by the aerofoil design theory using the CT specifications. Thus the cases ofData Set 5 can be related to the CT Cases on thbasis of similar flows but for this Set
the values of the frequency parameters do not match the CT Cases exactly.

Data Sats 4 and 5 torm a unique combination in providing independent measurements of
comparable data for the same aerofoil. However, as shown in Table 0.2 there are
differences between the Reynolds numbers for the two sets and also differences In regard
to the use of boundary-layer transition trips. In addition there is an appreciable
difference between the two ratios of tunnel to model ize, which as discussed later, may
be important In connection with the effect. of tunnel interference. Examples of compari-
sons between these two Data Sets are discussed in section 7.

Certain Implications arising from the differences between the experimental and cTi
specifications will be discussed later in section 8.

* -3 GENERAL NATURE OF UNSTEADY DATA

*-The practical requirment is for aerodynamic information for lifting surfaqes And
*control surfaces undergoing arbitrary time-dependent displacements or deformations. Basic
studies are usually centred on 2-D or 3-D model configurations performing prescribed
unsteAdy motions in a uniform stream with steady perturbations,

I',In considering the general forms of the aerodynamic quantities it is convenient to
4 *restrict the discussion to pressures, the quattities that are measured. Since it is the4 distribution of pressure that determines the resultant forces and moments it will be

readily appreciated that similar remarks can apply to q4untities such as lift, pitching
S - moment and control-surface hinge-moment. For the time being discussion will be concerned

with pressure denoted by p , the Lntroduction of non-dimensional coefficients being left
until later.,

For a given model eonfiguration in a given flow, interest lies in the pressure die-
tributions associated with an unsteady change in a model displacement parameter which
is a general coordinate to denote angle of pitch, control-surface deflection or ame other0." :,quantfty defining the unsteady notion. The basic problem it to detand"l p(ti for the

'r [ , proescribed time-visa variation Ott)•"'""

Experiments are sometimes made with non-harmonic fonts of Ott) , and indeed Data

Set 3 includes tests in which incidence is increased approximately linearly with tim,
but most unsteady experiments have been made for owillatory conditions. Although there
ave special interests ilsrq 1 e-amplitude otions, the main concern is with mall

'm --.
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perturbations and the most usual form of testing is with small-amplitude continuous
harmonic oscillations. For this reason it is the pressure quantities relating to
harmonic oscillations that will now be discussed.

We consider a rigid model undergoing oscillatory pitching motion. In addition to
specifying Mach number and Reynolds number, the condition of the model is defined by

- a mean condition about which the oscillation occurs, specified by a mean
incidence am

- an oscillatory otion specified by the sinusoid *= sin wt

Associated with this oscillatory condition will be the following classes of pressure

- steady pressure for the steady mean condition;
- unsteady pressure for the oscillatory condition: this includes a mean and

an oscillatory component;

-steady pressures resulting from steady model positions which correspond
to successive instantaneous positions during the unsteady excursions.

When a system can be regarded as linear (ie p varying linearly with *)there are
just four kinds of pressure quantities to be determined:

(1) steady pressure p for the steady mean condition identical with pmthe
mean pressure during the oscillationt

(2) in-phase component normalised by motion amplitude, p'/,

(3) in-quadrature componerit normalised by motion amplitude, p*/#0 I

(4) steady pressure derivative,' dp/d#

1.As atn alternative, a modulus and a phase angle can replace the in-phase and in-quadrature
components.

The distribution of p. characterizes the type of flow, which in many respects
influences the oscillatory atnd derivative pressures. Components p'/#0 and p"/#0 are,
in goneral,-depende'it on the frequency of oscillation, and their variations with frequency
give an indication of the effects of unsteady aerodynamics. in a linear system the
*derivative dp/d# is the zero-frequency equivalent of p'/#0 , and provides a useful
dAtt*% from which the effects of unsteadiness can be assessed.

Sno;r-linearitia are present, the pressure variation can be expressed as the

pit) p p lp sin ot+p"-c~ iit + p! sin 2iut + PO coo 2ot

plus higher harrnonics. In the general non-linekar case the Fourier coefficients are not
necessarily proportional to the mot-on amplitude 40 , and the mean pressure p its not

necessarily the sasie as the steady pieisure p * Also the steady derivative dp/d#

neesod to be riplacedhly aftothii: :=ncept which will be discussed in the following section.

tions close to either'a leading-edge, a flap hinge-lime or a shockwave, Consequently
being localised# the norn-inearities tend to disappear when the pressures aria Integrated
to give fortes and momenti. it is for this reason that even when non-linearity is

orent# practical interest cniust ecrts-i h udmna o et l#and p*/f@ . In most of thi~ e exerea nt4"re o~ thedmetl asp onheasure,
ayof tehigher harmonio# although large. no4naaities. wre known to be occurring at

a shockwave.

4 N01NfO~ oain r sdi h ouet rmwihteifraini

the Data Sets has be obtained. ""cause the data -I Istings are presented in their
original forvi, it is Pacesaaey to explain the Individual. not~tions in each toeta set.

some uniformity in% notation ishowever desirable for future discussions and for
this reason'-land, in PeAU 0.1 and 0.2, has roccmeded ai basic notation, This has been
extended in this Compendiux ad, although the data listings retain their original forms,

6.* a move towards-- a'standard notetion has Wea made In pveparing the diagrams and descriptiveI .matAil forth WDatA.Se.
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The following scheme is consistent with that proposed by Bland although there are a
few minor changes. The sign conventions and some of the major definitions are shown in
Fig 0.1 reproduced from Ref 0.2. The present scheme includes the basic notation and an
extension to deal with the unsteady aerodynamic quantities.

BASIC NOTATION

Model geometry

local chord: c

root chord: cr
model span: s

full-span aspect ratio: AR
sweepback angle: A

taper ratio: A = tip chord/root chord

streamwise position aft of root leading edge: x

chordwise position aft of local leading edge; c

spanwise position: rs
local position of pitching axis: x

local position of flap hinge: x8
incidence: a

flap angle: 8 (measured in a streamwise section)

Stream

Mach number: M

Reynolds number based on root chord: Re

valocity - V
i, static pressure: p.

total pressuret pt

dynamic pressure: q

total temperaturet TO
ratio of specific.heats, v

MW4el, pressure (steady or-inistanta eou vallues)

surfae p.reseuroi p
proamure coefficients C (p - )/q 4

prosure r.tio, pp"t

proesure resultsantloa.ding: aep (C, p l % C

Model surface flow

local Mach nmber date ined, frn a measured pressure ratio by the isautropi"

relations

. .1
Sectionar coeffcint

Fpitching nt /W 4 - X/ 0)

(Notes 'this definition of .m ore gnal than that in Fig 0.1 because It

relates to the moment about point x wh.. fied not be the same a X x about

which the moI is pitching.)

• Lit - ac d(x/o) *"-, + l~p ift Ulf . "
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Section force coefficients (concluded)

flap hinge moment: ch = ACp(x /c x/cld x/c)

x /c

UNSTEADY NOTATION

Model motion

time: t

non-dimensional time: T = 2Vt/c

general coordinate for model motion: 4
arbitrary motion: 4(t) or #(,)

oscillatory motion: = sin wt (or #0 cos wt)
oscillatory amplitude: *. representing ao 6. or 0 0 (Data Set 7)

mean incidence during an oscillation:

mean flap angle during an oscillationt 6m
oscillation frequency: f (Hz), or 2vf s w (rad a-

reduced frequency: k = wc/2V, or wcr/2V

UnsteadX pressures

For an arbitrary model motion * 4 *(T) , the time-wise variation of instantaneous
pressure is defined as C,r " ( ' 'P- q " ,

p; (

Oscillatory nressuree

For the oscillatory motion -0 sin wt , a general equation for oscillatory
pressure is

pit) - P+ p , sin Wt + pw cog t + p! sin 20t + p! cos 20t + etc

or the alternative,

Fit U p t uin~t + to p1 sin(2wt + tl) + et
., o e 0 , ,.tol .

(po!

The sign outside the brackets in the last equation is a matter of choice. However, it LAe
most convenient to choose the negative sign for the upper surface of the model and the
positive for the lower, then usually the phase angles to in degrees for both surfaces

will tend to taro, and not 180 dog, as the frequency tends to zero. Also this choice of
signs is consistent sith the usual method of plotting chordwise distribution* of osoilla-
tory pressure.

Mean pressuro durin_ oscillations C (* - P.) A

Pundanental (let hArmonic) arol itude-noratl isod_ campnonts
in-p %se (or real component)i C'/* 0 - pl/q$

In-quadrature (or imaginary compoet)i C" p p*/q#O

Where -an oscillatory quantity can be exptess d as a complex amplitude a bar is used thus:

-complex a",litude: --

modulu/ I+ Io 0 1 p/ 0) 00

modulse #0 /00 + t(ji1 C#/2] pp

iollowing the recommendation of tef 0.1 the motion normalised quantities defined above are
represented by s combined *yWbol inoludilg the norealising amplitude 40 , Which in par-

ticulat cases will be replaced by 401 00 or 0 4 It s.ould be noted that In some

existing notatious the norulting amplitude is oittoed from the symbolic representation.
Thus an existing notatios may use C' and Co ctively for te quantites
and CON 0 per vadian as now propose.
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The (n +1)th harmonic

in-phase component: Cn/0  =pn/q 0

in-quadrature component: Cpn/%0 = pn/q40

complex amplitude: apn/0 = (C n/#o) + i(C/ O) pnl/)e with modulus

ICpn /10oand phase angle cm

Unsteady forces and moments

The sectional unsteady forces and moments are obtained from the pressures by integra-
tion of the separate in-phase and in-quadrature components. The amplitude normalised
coefficients are represented symbolically by using atA Cm' ch etc in place of Cp

Thus c2/00 represents the normalised complex amplitude of lift.

Use of Pt rather than q as a non-dimensionalising factor

In the preceding notation, apart from pressure ratio p/pt in the expression for

local Mach number ML , all the aerodynamic pressure and force quantities have been

divided by q to make them non-dimensional. An alternative which, as will be discussed
in section 8, has advantages in rertain circumstances is to use Pt in place of q

Thus the complex pressure amplitude i/pt 0  is an alternative to dp/ 0 . Of course the

two forms are related through the stream Mach number by the relation:

pt/q= [+ (Y-Il)M2]
'/ ( /Y ?

Incidence, control angle, amplitude of angular motion and phase angle are conven-
tionally specified in degrees. Oscillatory pressure or force when normalised by an
angular motion are usually specified 'per radian'. The amplitude of a linear motion is
preferably made non-dimensionul by dividing by a model dimension.

Quasi-steady and steady perturbation pressures

Several kinds of steady, or quasi-steady, quantities are used as equivalent
quantities to provide comparisons with the unsteady ones; the application in the linear
case of the steady quantity d& /d4 has already been mentioned, The following discus-
sion is intended tu clarity the distincotions betwee the various forms ths quantities

i can take.

The term 'quasi-steady is usually apptied to all such quantities but for the
identification of experimental data it atom proforable for this term to be aplied
only to those quantities that are measured in the ae way as unsteady quantities but-
for slow rates of change. Such a quasi-fteady oscillation, denuted by k * 0 would
yield for each in-phase component a quasi-steady value, for instance (C/0)qs

Data Sets 6 and I both include measuxamts for comparatively low-frequency oascllations
which art regarded as quaoi-,teady.

The term *steady perturbation pressure' is a better description of those quantities
obtained by steady pressure masuremnts made for .to.or more stationary conditions of the
model close to the mean condition. The simplest of these is an approisation to the
derivative dCp/do obtained from nmatured steady pressures C and C correponding

respectively to the two conditions -01 and +1 . The quantity taken to be comparable

ith the unsteady tn-phase component Clit s then 4Cp/4 w (C_* - cwJ/I4, with the
deflection # chosen to be the san as, or related to, the amplitude of 4scilstion

to. Oata Sets I and 4 contain data obtained in thit manner.

More detailed infomation could be obtained it measurements are made for several I.
itncrements of #, so that the tore of steady Cp #) over the oscilation amplitude is

revealed. Then an average slope dcp/ds could be obtained, say. by 'least tquares'.

1i To make allowance for non-linarities it is in principle possible to extend the
measurements further so that they becoam equivalent to the steady guasi-osicillation
* t in * with 0 C4 v/2 . Provided the chosen vaies of a re suffiely

.f- numerous, the easured steady #)ressures can be regarded as sampled data frm which the
r .id yield a steady quantitys(C'/)aundsnimtl and higher harmonic values can be calculated. in particular such measurements.

woul yild astedy uantty p/0s which Is directly comparable with its unstea*dy
counterpart %/4 Although none of the present Data Set contain. quasi-otcillatory

4 .. 4-.



quantities of this nature, it may be possible to derive such quantities from data available
from the original sources.

In short, under the customary generic title 'quasi-steady', three of the possible
kinds of quantity comparable with the unsteady cp/,are:

(1) Low-frequency equivalent (%/#o)q, measured for k -1 0
(2) Steady derivative 6C P/6# , or dC p/d#
(3) Steady quasi-oscillatory quantity (C'v ,

In many cases a low-frequency change will become equivalent to a series of steady
conditions as the rate of change is reduced. But there are special circumstances where
this is not so - where even the slowest rate of change includes am unsteady event. Such
a situation occurs when the notion, however slow, leads to the onset of fluw separation
where the actual process of shedding vorticity occupies a period of time largely independ-
ent of the rate of change. That is the condition k + 0 is not always the same as the
condition k -0

In addition to the fundamental differences in the form of these three quantities it
may be necessary to take into account the differences between the me,:.hod used to measure
(1) and that used to measure the steady pressures from which (2) and (3) are derived.
Sometimes different instrumentation is employed to obtain unsteady and steady measurements,
in which caise also, the unsteady and steady measuring positions may not be the same. Thus,
whilst (%/*0~g and-the unsteady CIAO0 are obtained with the same instrimentation, a
comparison between CIA, and a steady perturbation quantity may involve different
measuring systems and different accuracies.

5 EXPERIMENTAL PROCEDURES AND INTERPRETATION OF RESULTS

The intention here is to give a brief account of some of the procedures commnonly
adopted in the experimental measurements and, by so doing, to draw attention to the
possible limitations of the data. It is also hoped that this account will lead to an
appreciation of the significance of the details of the test equipment and test conditions
that are given in a atandard form in each Data Set. A more extensive account of cxperi-

mental techniques used In unsteady aerodynamics is contained in Ref 0.*4.
Each serieos of tests involves a model, equipment to provide the required unsteady

motion, instrumentation to measure the model motion and prassure distributions# and a, wind
tuurtl to provide the appropriate test conditions.

Tits characteristics of the tunnel and the interference effectav produced are of
especial importance and form the subject of section 6.

5.1 Model motion

motion. All the 2-D aerofoil models (Data Sets I to 5) were stiff enough to be regarded

arigid*, but for the haif-model* of Data Sets 6 and 7, flexibility led to the basic
Applied motion being augmented by a mall amount of elastic distortion dependent on
oscillat ion frequency and aerodynamic loading.

T ho mol otion, even when elastic defformattion occurs, is us".lly defined by the
output of a displacemetit transdutar aranged to measure the Notion reference ooordinate

* oad to provide a tim-varying vlectrical signal which is used as a phase reference
for hormonic analyals. Wben the model cannot be regarded. as rigid# some assesuient of.
the actuAl motion which includes the unsteAdy defoimation may be obtained from a distri-
bution of accelerometers installed inside the model. by this means the ttue motion can
be related to the measuraments of*

5.2 Reasurement of pressure

Ithere are various schemes for Measuring surface pressures. All of theim depaml on one
or :kore pressure transducers to providt electrical outputs which are the actual quantities
that are processed and eventually ao-asured. Sometimes, as in Data Setsl 2* 5, 6 and 7, t~wo
different systes are uiod In the same experimntt. one to masure pressures in the steady
state, the other for measuraments in unsteady conditiofs. Then the stayand unsteady
distributions way not be measured for the same positions, s In Daa~ .One type of
unsteady stwasuring system uses small transduers installed within tMe modal and toftnected
to orifices at the model surface. out in amother system, as used tot Data Sets I and 4,
unt-%aay pressuros art piped to a location outside the tufnel and switched its equence to

is he resureattng t te daphagmof hetransducer. Therefore* unless the tnafts-
ducat to actually part ot the surface them. is always a question about the transfer
function between the pressure acting at the orifito and that at the ttang'ucer. to
systems where the unst*e dy pressures are piped to a distant measuring device, the dtetr-
mination of these transfer functions Is a Vital part of the callbration. When the
trnasducat ts situated very 6lose to the orifice and the enclosed volme of air is sesil,
the effects of tranaiaioco are Usually neglected. Hoever, a feature, which is Como
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to all systems and very difficult to simulate in bench calibrations, is the effect of the
flow across the orifice.

Whether or not the transfer function between orifice and transducer diaphragm is
significant, the calibration factor relating the unsteady electrical output to unsteady
pressure is of paramount importance. Whereas good standards of steady pressure are
commonplace, there is no readily available definitive standard for oscillatory pressure.
Although the experimenters will have taken great care over this matter, it is easily
appreciated that a systematic error in the calibration could lead to undisclosed errors
in all the measurements of a series.

5.2 Signal processing

In oscillatory tests, the electrical signals from the pressure transducers are
usually processed in some manner to yield harmonic components phase-referenced to the
signal representing the motion coordinate 0 . However this is not so for Data Set 3 in
which the pressure and motion signals are sampled to-provide instantaneous values at a
series of known time-intervals. 4

It is unnecessary to describe in detail the methods of processing the electrical
signals, but it is important to be awaze of the nature of the signals and to understand
the kind of quantities that result from the processing. Almost inevitably the signal
from a transducer sensing an aerodynamic pressure includes, in addition to the wanted
signal, random-like fluctuations from various sources. Transonic tunnels with their
slotted or perforated walls are prone to produce stream flows with some degree of inherent
unsteadiness. Model flows which are supercritical, or separated, may themselves provide A
another scarce of unsteady disturbance. Thus even when the model is stationary the
pressure signals may include fluctuations. When the model is undergoing a prescribed
unsteady motion the complete pressure signal will represent a combination of random
fluctuations and the response to the motion.

Depending on the type of signal processing employed, the result could be

- an instantaneous value;

- a time-average;

- a cycle-average of instantaneous samples taken at corresponding times in a
number of cycles,

- a series of harmonic components obtained by Fourier analysis over either a
whole number of cycles or a certain period of time.

Steady pressures are usually measured as averages over short periods of time. In
* general, time or cycle averaging is beneficial in reducing, if not always eliminating,

the effect of random fluctuations. In some circumstances, where the unsteady process
under investigation itself includes some form of randomness, averagIng can obscure
features of the individual cycles. Because the experiments from whch Data Set 3 was
fextracted included an element of randomness in each cyclic onset of flow eparaton
both quasi-steady and unsteady pressures were measured as instantaneous values.

*i. .: 5.3 Occurrence and effects of extraneous fluctuations

When extraneous pressure fluctuations, independent of the applied model motion,
are produced by an instability of the flow over the model they are a proper feature of
the flow phenomenon and as such should appear in the results and require theoretical
-,modelling. It is for this reason that items 5.11 or 5.12 of the test specification have
"eon requested in each Data Set.

When the fluctuations are the result of turbulence or other unsteadiness in the
tunnel flow it is desirable for their effects to be reduced by averaging. Whether they
.canbe completely eliminated by averaging depends on whether they are linearly superposed
on the pressure response to the prescribed motion or whether there is some form of non-
li eAr interaction. In highly non-linear situations in the close vicinity of a shockwave,
extraneous fluctuations can lead to erroneous data. Examples of such interference are
.mentioned in Refs 0.4 and 0.5.

5.4 Non-linearities

4 For small excursions away from th3 mean condition the pressure over much of the model
surface will vary linearly with steady osplacement * . Exceptions to this become evident

.- when measurements are made near to a leading edge or a control-surface hinge-line, or
clost to a shockwave. Non-linearities in. the steady pressure variation are accompanied
by the presence of higher harmonic components under oscillatory conditional the manner in
which these are produced In the close neighbourhood of a ehockwave has been described in
Refs 0.6 and 0.7.

Measurements oZ harmonic components are often limited to the fundamental on the
grounds that this is the only component of importance in practical problems of aero-
elasticity. only Data Set 4 includes any numerical data fox higher harmonics although
Fig 6.6 of Data Set 6. gives graphical information on the spectral content of the pressures
for transonic flow. Also Data Sets 2 and 5 include instantaneous pressures over a cycle
of oscillation, which show non-linear features.i I I

:I {) .... __ __ __ __....__ __
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If in some circumstances the presence of higher harmonics in tha oscillatory
pressures is found to be independent of chordwise position, it is advisable before
attributing these to non-linear aerodynamics to verify that the model motion is truly
simple harmonic. This conment ip relevant to any Fourier analysis that might be made on
the instantaneous data presented in Data Set 3 which gives information on the harmonic
distortion in the model motion.

When non-linearity is present, the values of the amplitude-normalised quantities
C;/# and C"/*0 and the steady quantity SC /6* are liable to be dependent on the

p0p p
displacement amplitude. This point needs to be borne in mind before placing too much
emphasis on the peak values of these quantities obtained at the position of a shockwave.
Interesting examples of amplitude dependence are shown in Fig 2.3 of Data Set 2 and
Fig 5.7 of Data Set 5.

Irregularities in the chordwise distribution of the oscillatory pressure components
are sometimes found near to the leading edge. These may be due to non-linearities
associated with a local separation or with the disturbance produced by a transition-trip.
Such irregularities usually appear only for small amplitudes, and disappear when the
amplitude is increased.

To summarize, indications of non-linearity include:

- non-linearity inc ( )

- amplitude effects on the fundamental components C;/#0  and C"/# 0

- non-sinusoidal tire historiest

higher harmonic components from Fourier analysisl

- irregularities in chordwise distributions of the oscillatory components.

5.5 Reduced frequency

The exact values of the test frequencies are often chosen for practical reasons such
as the need to avoid unwanted resonances of the model or its supports. Almost invariably,.
tests are made for sets of fixed frequencies of oscillation so that for each constant
frequency the reduced frequency k , varies with Mach number H and stream total
temperature To . For a fixed M, k varies inversely with T0 (K) . Total temperature

in a tunnel is not always closely controlled so that the value of k can vary during a
tunnel run, but even in an extreme case where temperature changes from 250 C to 350C the
value of k would change by only 2%. Such a change is hardly likely to have a serious
effect on the unsteady aerodynamics,

No uniform procedure has been adopted in specifying the test values of k . When
either an average or a nominal value is quoted for each combination of M and f * it
will be appreciated that the true value may differ by a few percent.

Tests made with substantially different values of frequency are included in most
series of measurements. For rigid models the Interpretation of the results is straight-
forward, but if model flexibility in significant, care has to be taken to eliminate any
effects of changes in the oscillation mode with frequency.

.5.6 Mach number and model incidence

These are the main parameters that define the basic flow from which the unsteady
changes are made. in some oasuv the actual incidences and tunnel Mach numbers may be
found to be slightly different from the specified nominal values.

For models with symetrieal sections, the datum incidence a * 0 ic usually set to
align with the known flow direction of the tunnel. For models having sections that ate
not symmetrioal the method of setting incidence is given in item 5.7 or 5.9 of the
specification in each Data Set.

Where measurements of tunnel Mach number and model incide.ce are subject to standard
corrections for wall interfevence, the details are given In item 9.6 of each specification.

5.7 Tunnel pressure and Reynolds number variations

The Reynolds number for a test depends on the pressure and temperature of the flow
in the tunnel. Usually flow toemprture is not closely controlled so that there may be
mall variations In Reynolds number throughout a series of tests. For those test series

where tunnel total pressure remains constants the Reynolds number is different gor each
Mach number. In tunnels where total pressure can be changed variation of this quantity
provides a means of obtain data over a range of Reynolds number for each Mach oumber.

But as well as changing Reynolds number, altevatio of total pressure can produce
id-effects whiah, unless recognised and taken into account, may lead to apparent treas

with Reynolds number that are In fact spurious.

' I

" " J.~ 1 "i .. .
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For instance, an increase in total pressure means an increase in all the unsteady

pressures, with a consequent improvement in the measurement accuracy. This in turn maymean a reduction in random errors and result in smoother pressure distributions. Also a
change in total pressure alters the mean pressure level at which the transducers are
operating and, in the presence of non-linearity, this can lead to a change of transducer
sensitivity factor. If not accounted for in the calibration this could appear as a
spurious Reynolds number effect.

An increase in the aerodynamic loading on the model is also produced by increasing
the total pressure, and if the flexibility of the model is significant, this can lead to
distortion of the model and to modifications to the mode of oscillatory motion. Data Sets
2 and 5 include data for a range of Reynolds numbers, but for these there is no possibility
of unwanted aeroelastic effects because of the rigidity of the 2-D models.

5.8 Transition fixing and Reynolds number

Most of the tests were made for Reynolds numbers less than full-scale. To avoid
unwanted effects associated with laminar boundary layers, trips to fix the transition posi-
tion were fitted to some of the models. No trips were fitted for the measurements of
Data Set 4 because the Reynolds numbers of the tests matched those of the full-scale heli-
copter blades to which the experiments were directed. Data Sets 1, 6 and 7 present
numerical data for only models with transition trips, whilst for the experiments of Data
Sets 2 ard 5 no trips were attached. Data Set 4 gives information about the effects of
lixing transition; in this Set transition was fixed for some cases and for others it was
free. Data Set 6 contains a brief discussion of transition fixing in terms of increasing
the thigkness of the boundary layer, and provides graphical information about the effect
this has on the unsteady loading prodliced by an oscillating control surface.

Data Sets 4 and 5 which give measurenents for models having the same aerofoil shape,
offer comparisons, as already shown in Table 0.2, between (a) tests with transition fixed
at comparatively low Reynolds number, and (b) tests with free transition for a range of
Reynolds number. Some of these comparisons will be discussed in section 7.

The desirability of fixing transition and the best position in the chord for
attaching the trips are debatable matters, On the one hand if transition remains free,
a laminar boundary layer may lead to types of flow separation and shockwave boundary-
layer interactions that are unrepresentative of full-scale. Also it is possible that,
when natural transition is delayed to a rearward position of the chord, the cyclic
excursions of the transition point due to a model oscillation may engender non-typical
oscillatory pressures of no practical interest. On the other hand when transition trips
are used, the turbulent boundary so produced is usually too thick over the rearward part
of the chord, thus over-emphasizing viscous effects which can be'especially serious for a
trailing-edge control, see Fig 6.4.

With regard to tents with over-thick boundary layers, Binion, Ref 0.8, points out
that with modern designs of wings, even at high Reynolds number, viscous effects are
likely to be so large that worthwhile calculation methods must be able to take these
effects into account. The conclusion then is, albeit for ateady conditions, that provided
the class of flow is repreaentative, tests with thick boundary layers do provide a useful
challenge to theoretical computations. The objective of fixing t'ansition therefore
depends to some extent on whether the experiments are aimed at providing data appropriate
to full-scale Reynol4a numbers, or providing data to validate viscous calculations.

5.9 Accuracy of measurements

The accuracy with which the relevant quantities are measured is clearly an iuportant
matter although, as will be discussed in subsequent sections, the quality and reliability
of experimental date involve wider considerations concerning the test environments.

It may be taken for granted that steady pressure, Maoh number, incidence, steady
deflections and oscillation frequency are measured with adequate accuracy. it is the
accuracies of unsteady pressure quantities such as Cl/o 0 ard C!/J 0 that give cause
for concern. Each of these quantities is derived from separate measurements of small
changes in pressure and small displacements of the modl. The measurements are made with
instrumentation operating under dynamic, not steady conditions, and their accuracy depends
crucially* an the calibration procedurav. It is .easily seen .that a systematic erro' in the

- measurement of a pressure haronic camronaut, or of a motion amplitude, could affect th.
whole s"t of maurruments.

Whereas the resolution of the instrumentation or the day-to-day repeatability, both
of !.htch set limits to the accuracy, are foirly eary to determWne, the ovrall acculzay of
a measuremket is extamely difficult to quantify. Usually the ostthat can .be expected o
is a statement to the 4)tit that the measur4 ~ent cf uantity A is no better than
x percent. Such stateisnts are usually -Ade on p&rsonal, and to s*ce extent intuitive,
assessments based on the experience of the experimenter. To demand more would be
unreasonable* for a thorough analysis of powible. erors could easLly entail as muho workas the masuremnts thma~lvea. •".

i f "
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6 TUNNEL INTERFERENCE

All measurements obtained from wind tunnels are liable to suffer from the effects of
'unne] intsiference. That is, the data obtained may differ from those which would be
obtained with the same model moving in a free and uniform atmosphere. With that as a broad
definition, the various sources of interference are:

(1) Wall constaint on the flow.

(2) Shockwave reflections from the walls.

(3) Side-wall boundary layers in 2-D tests.

(4) Reflection-plane boundary layer in half-model tests.

(5) Support interference in complete model tests.

(6) Flow fluctuations inherent in the tunnel flow,

(7) Curtailment of wake vorticity by tunnel corner, shockwave or fan.

(8) Reflection of acoustic disturbances at the walls.

(9) Occurrence of tunnel reconance.

(10) Acoustic disturbances propagated through a plenum chamber.

Items (1) to (6) affect both steady and unsteady measurements, whereas items (7) to
(10) are *eouliar to unsteady conditions. General accounts of the effects of interference
on unsteady measurements are qiven in Refs 0.4 and 0.5. Of all the possible causes of
interference, the only ones lixely to be important to the present data are the constraint
and reflection prornrties of the walls (items (1), (2) and (8)) ahd, if flow separation
ccurs at the zx.del, the effects of 'he side-wall asd reflection-plane boundary layers
(items (3) and (4)). Tunnel resonance is known %.o be possible in 2-D tests (Ref 0.9) but
no occurrences are rerorted in any of thA Data Sets.

Bicause of its more complicz.ted .iature, interference on unsteady measurements is
poorly understood in comparison with interference on steady measurements. Since some part
of the total effect on an unsteady mcasugement can be attributed to steady interference -
indeed for supercritical conditions the steady effect may be the major contribution - it
is important to clarify the distinction and see how much of the total effect can be
accounted for by steady considerations.

Consider for the moment m specific event in which a model initially at a steady
incidence a is rapidly moved to a new steady ir-idence a. . After sufficient time

hus elapsed we can assume that the flow has reached a new steady state appropriate to the
new steady incidence, If the event occ us in a wind tunnel, the initial flow for 0A
and the final flow for a0 arinoth subject to s interference. The manner in which
the flow changes with time, and indeded the tine taken for the flew to approach its final
steady state are subject to unsteady interferenne. The totality of the i..terference on the
unsteady event is a combinatlon oa T hete steady and unsteady contributions.

For the more usual type of unsteady test where the modai is given an oscillation of
small am plitude $0 about a mean incidence zm ar-1 conditions are linear, the are-

dynAmic pressure.-ch aratriatios are fully described by
(-) C for stead, am

(2) • the amplit'id. for a quasi-steady oaoillation identical with

p4C /d$
(3) Variations with frv4uenoy of am'liude la P I 0 and phase argle o

A yo liud and povige ~
Quantities (1) and (,) are A.ffected by only sadinterfere e and provided these effects
can be accounted for, the linly unsteady effects are thosA concerning the phasa angle and
variations with frequency. (3).

A crucial question is whether the aerodynamic measurements can be corrected for the ?
itorfernce effect.. Por suvnr.-.i4ioal flow* simple forms of correction are generally
impossible, but it is still helpful to approach the question from the standpoint of purely
subon io flow. Classical theory for steady subsonic flow regards wall constraint as con-
sitting, in effeot, of incremental changes in

- ftteam velocity due to blockage!l
model incidence duo to induced upwasho

- lift and pitching moment due to streamline curvature.

On this simple basis, which neglects buoyancy effects duo to the streamvise gradient of
bi.ockage, th condition of a model in a tunnel can be regarded as equivalent to the

. I•,'
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condition in free air of another model with a different camber set at a different incidence
'4 in a stream of modified velocity. For subsonic conditions values of the incremental

changes can be obtained by theoretical calculations if the boundary conditions at the walls
can be mathematically defined or if the wall pressures are known, or possibly by empirical
means if the wall conditions are unknown.

The concept of an equivalent free-air system suggests, if the effects of streamline
curvature are simplified, that the steady part of the wall constraint affecting oscillatory
moasurements might be equivalent to changes in stream Mach number and mean incidence. This
leads to a possible basis for making comparisons between theory and experiment which will
be discussed later in section 8.

For the oscillatory type of test mentioned previously a possible correction procedure
would consist of applying corrections to:

(1) M and a - to account for steady interference on the mean condition;
m

(2) (Cpi/*0)qs - to account for steady interference on the quasi-steady

perturbation;

(3) Ipi/#0 and co - to account for the unsteady interference.

The procedure is illustrated schematically in Fig 0.2 which shows a hypothetical variation
of ICpI/*0 and C with reduced frequency k . It is assumed that the measured steady

Cp obtained for the steady condition (M,am) would be obtained in free air for another

steady condition (M,am)' . The curves labelled 1 are those measured in the tunnel for
(M,um); those labelled 2 would be obtained in free air for the mean condition (M,) MP.

Steady interference is responsible for the displacement 6i . If curve 1A is drawn
parallel to curve V, or more strictly to give 6 proportional to the modulus of total

lift, then the additional and unsteady interference effects are represented by 62 and
63 . Ability to apply corrections to the measurements requires knowledge of the transla-

tion from (Mlam) to (Mam)l and the values of Al' 62 and 63 .

For subsonic conditions, corrections to M and am  and corrections of the type

6 applicable to lift and moment may be obtained theoretically or empirically. In

principle, corrections of types 62 and 63 could be obtained from the extensions of
classical interference theory to unsteady conditions, as described in Ref 0.10. But, as
for the steady corrections, the calculations depend on an adequate definition of the wall
boundary conditions which, for the unsteady case, includes time der.ondenco.*

For the present data# any purely theoretical forms of interference corrections are
liable to be unreliable because of inadequate definition of boundary conditions for theventilated wall& of the tunnels in which the data were obtained.

Broadly speaking, the steady constraint effects in a ventilated tunnel depend on the

degree of ventilations in principle at least, careful matching of the wall qeometry and
wall porosity to the model geometry could result in negligible interference (see for
instance Ref 0.11). More usually, the measured slope qf the steady lift curve for a
particular model will be too large or too small depending on whether the tunnel walls are
too closed' or 'too open'. Also it is to be expected that the larger the model in

relative to the tunnel, the greater in the influence of wall constraint.

Even if the wall boundary conditions can be adequately defined, theoretical correc-
tions to the measurements are simply not possible for supercritical flow conditions. A
useful discussion of steady'interference under transonic conditions is given by Binion,
Ref 0.8. He points out that, where the supercritical region is no longer small with
respect to the tunnel dimensions, the effect of wall constraint can no longer be regarded
In the classical terms of blockage# upwash and streamline curvatures instead it must be
regarded as a complicated distortion of the flow field which can strongly influence the
shockwave and separation patterns. In which case, there may no longer be an equivalent
free-air condition corresponding to the model in the tunnel.

'4 # It is unfortunate that the foregoing discussion has done little except dewiribe the
difficulties of making corrections to the measurd unsteady data.

Jh some In none of the Data Sets are aw corrections made for d interference but in 's"

sow Sets, steady-based corrections are either made, or the me or applying them is
* described, M E 4, although the presented data include no Interference corrections

whatsoever, formulas are given for making correctiona to the incidence, and to the liftand moment for steady conditions. In Data Sets 4 and S, as already explained in section '2.1, soe adjustments have been made between the experimental values of N and a and

those chosen for the CT Casesl to soe extent these adjustments are intended to account

* for the steady interference effects.

* dendumi The author's attention has been drawn to recent methoft of including the effect
of the walls in usteady calculations for aerfoile and controls (see Rate 0.13, 0.14).
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Data Set 5 comprises results obtained with a model having the same basic shape as
the model of Data Set 4 - two examples of comparisons between the sets will be discussed
in section 7. In making other comparisons between the two Sets it should be noted that,
in addition to the differences shown in Table 0.2, the ratios of tunnel height to model
chord are 3.1 for Data Set 4 and 6.7 for Data Set 5. However, because of the beneficial
effect of wall ventilation, which to some unknown degree applies to both tunnels, it
cannot without further analysis be concluded that the interference effects on Data Set 4
are necessarily larger than those on Data Set 5.

In Data Set 3 where the unsteady data are presented as instantaneous values of Cp
and sectional force coefficients for instantaneous values of incidence a , the tabulated
values of the incidence and the force coefficients, but not C , have been corrected for
tunnel constraint as if each instantaneous value were obtained for a steady condition.

Data Set 7 is unique in being abstracted from an investigation into tunnel inter-
feience. In the light of the evidence obtained from several tunnels it is believed that
the data for the two largest tunnels are free from any large effects due to tumnel con-
str.aint interference.

7 UNCERTAINTIES OF EXPERIMENTAL DATA

If experimental results are used only as qualitative information questions of
accuracy and reliability hardly arise. But when making quantitative comparisons the user
of experimental data will certainly want to know the confidence that can be placed on
the measured values. Basically the question is how well do the measured unsteady aero-
dynamic quantities relate to the specified configuration, its motion, and to the test con-
ditions defined by parameters such as M, Re, am and k . The answer is seldom straight-

forward. It depends not only on the accuracy of the measurements and the manufacturing
accuracy of the physical model but also on the appropriateness of the wind-tunnel test
conditions and the uncertainties of wind-tunnel interference. In critical situations in
the presence of shockwaves or separations the answer also requires knowledge of the sensi-
tivity of the measured data to small changes in the parameters.

A general insight into the uncertainties of measurements and an idea of the confi-
dence that can be placed in experimental data can be obtained from a comparison of results
obtained in different ways. For instance, confidence in the technique of unsteady
pressure measurement was obtained when, on several occasions in the past, different
organisations made comparative measurements using their own forms of instrumentation,
Usually, however, such comparisons are not completely independent because they use either
the same model, or the same tunnel, or both.

Examples of comparisons obtained with the same model in two different tunnels, thus
providing evidence of the effects of tunnel interference, are given by Figs 7.20 and 7.21
of Data Set 7. In these comparisons the model was small in relation to the sizes of the
tunnelsi unfortunately the confidence gained by these comparisons does not necessarily
apply to every other situation. In the same Data Set, Figs 7.16 to 7.19, also provide
evidence of the sensitivity of the measured oscillatory pressures to small changes of
M and am for soe examples of transonic flow.

The two investigations from which Data Sets 4 and 5 are drawn provide a rare
opportunity for comparing two independent sets of measurements. The data available for
comparison relate to oscillatory pitching of the NLR 7301 supercritical airfoil. It is
important to note that the two sets were obtained with different physical models in 4
different wind tunnels by different experimenters using different instrumentation. As
such the two experiments wore completely independent.

At the outset, before making comparisons of the measured data, there are three points
to be notedi firstly, there are differonces in the degree to which each physical model
represents the design shape of the NLR 7301 aerofoill secondly, in neither case has there
been any attempt to apply tunnel interference corrections to the measured unsteady datal
and thirdly, there are no exact correspondences between the parametric conditions of the j
two tests.

rig 0.3 provides comparisons between the measured and the design ordinates for a
-4 portion of the upper surface of each physical model. The ordinates for the NLR physical

model are taken from Tables 4.1 and 4.2 of the present documenti those for the Ames model
are taken from Ref 5.4 which mentions that, owing to an expansion of the manufacturing

4 mould, the model is slightly thicker than it should be. The same report also contains a
suggestion, which is supported by Pig 0.3, that the surface of the model is not as smooth
as the design shape.

Two examples of data comparisons will now be discussed. Not only do they provide
d evidence of the kind of uncertainties surrounding experimental data, but they provide a

foretaste of situations requiring judgements to be made when comparing calculated and
experimental results. In each example the unsteady quantities being compared are the
d.stributions of the oscillatory pressure components, CO/a 0  and C;/a0 , for the upper

surface only. The different tests are identified by the NLR Run No. ox the Ames Dynamic
Index

Z",
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The first example, chosen because of the aerodynamic simplicity of purely subsonic
flow for M = 0.5, relates to CT Case 2. The three tests being compared are identified:

Test M a (deg) ao (deg) k Re x 10-  TransitionI INLR 1301 0.498 0.85 0.4 0.26 1.7 Fixed at 0.3c
Ames 185 0.508 0.58 0.5 0.20 2.3 Free
Ames 170 0.508 0.58 0.5 0.20 9.3 Free

The steady pressure distributions are shown in Fig 0.4a. Whilst examining theseit may be noted that there is adequate agreement between the test Mach numbers and that,because the flow is subsonic, no great significance need be attached to the small difference
in the values of am . Also it is reasonable to regard the difference between the Reynolds
number of the NLR test and that of the Ames 185 test as not being too large. Although inboth the Ames tests transition remained free, it was fixed in the NLR tests, but it is
important to note that the roughness band was as far downstream as x = 0.3c. Since it
appears from a comparison of the Ames and NLR steady pressures that fixing transitioncauses no dramatic changes downstream of the band, it seems reasonable to conclude thatthe band has no significant upstream effect. Thus the results from the Ames 185 testshould be comparable with those from the NLR test at least ahead of x = 0.3c. In fact,comparison of the steady pressures shows that although there is a disagreement betweenthe Ames and the NLR pressures at the lower surface, the three sets of results for the
upper surface are in reasonable agreement in regard to the basic shape, but that there are
more irregularities in the Ames distribution, possibly because of surface waviness.

Before comparing the oscillatory measurements, it should be noted that the differencebetween the Ames and the NLR values of k would not be expected to lead to significant
changes in the real component C , although it would have a small effect on the
imaginary component, C"/% 0 . The distributions of the oscillatory components are shown
in Fig 0.4b and c. With regard to C;/a0 , in the region ahead of x - 0.3c there are
considerable differences both between the two Ames sets and between the Ames and NLRsets. The dip in the reqion 0.1c < x < 0.2c ie well established by three points in theAmes test at the higher Re, but is only just in evidence with a single point at the lowerRe. This is mentioned in the Introduction to Data Set 5 where it is concluded that thisdip is not spurious but must be attributed to a viscous effect. Interestingly the NLR
distribution for an even lower Re also shows a single-point dip.

For the distribution of the imaginary component, C;/a0  the main difference is thevertical displacement between the similarly shaped distributions of NLR and Ames tests.
This can be ascribed partly to the known influence of changing k from 0.20 to 0.26.
Another contributory factor may be differences between the unsteady effects of wall inter-ference in the two tunnels. 5

The second example is a comparison of tests that relate closely to CT Case 8 whichcorresponds to a supercritical design case. The tests chosen for comparison ares

Test am (deg) Go ideg) k Re " 10-5 Transition

NLR 6708 0.744 0.85 0.6 0.18 2.2 Free
Ames 191 0.752 0.37 0.5 0.20 3o3 Free
Ames 148 0.751 0.37 0.5 0.20 11.4 Free

All the tests were made without fixing transition and the Reynolds numbers for the NLRtest and the Ames P1I are suffieiently close for the viscous characteristics of these twotests to be comparable. The third set, Ames 148, is included to show the effects of alarge increase in Reynolds number.

There are differences between the NLR and Amos tests in regard to Mach number andq mean incidence. As already explained in section 2.1 these differences are deliberate, each4 (1,*) combination having been chosen by the experimentr during preliminary trials to
achieve a steady flow that matched the flow calculated by an Inviscid theory for the
superoritical design case. In a sense, the differencem In the parametric settings inthe NLR and Ames tunnels can be regarded as compensating to some extent for the differencesin steady interference effects and for the differences in the shapes of the models.

The distributions of local Mach number# 14L # for the steady mean incidences, asshown in Fig 0.Sa, have the same general shape, are in reasonable agreement on the generallevel of HL in the supercritical region and agree on the chordwise position, x w 0.6c
at which the deceleration from superaritical flow occurs. However, as for the subsonic

eexample# the Aes distributions have a waviness over the forward half of the chord that is
not present in the NLR distribution. Also there are significant differences In the
deceleration gradidet /d(x/c) where the abrupt deceleration begins.

Comparisons of the oscillatory pressures are shown in Fig 0.Sb and a. Each set of
* results include peaks in -Cl/c 0  and -Cb/ie close to the beginaiig of the deceleration

p
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from supercritical flow, the highest Re producing the highest peaks. Whilst the waviness
in the Ames distributions is not unexpected in view of the waviness in the ML distribu-
tions, there are serious differences between the Ames and NLR results in regard to the
mean level of C /00 in the region 0.3c < x < 0.6c.

Also there are serious differences for both C'/a and Cj/a0  in the regionp p
0.6c < x < 1.0c where, surprisingly, it is the Ames results for the higher, and not the
lower, Re that agree better with the NLR results. It is remarkable that over the rear of
the chord, 0.7c < x < 1.0c, there are such large differences between the three sets of
unsteady pressures when the steady pressures there are in relatively good agreement.Probably the explanation is that the unsteady pressures over the rear part of the chord
are dependent on the convection of the vorticity generated by the unsteady processes
occurring upstream - in the present case the unsteady behaviour where the supercritical
flow is first decelerated. In other words, over the rear of the chord, the effects of
changing test conditions on the unsteady pressures are more likely to correlate with the
effects of the changes on the steady pressures at more forward, rather than local,
positions.

It will now be clear that both of the previous examples include discrepancies that
cannot readily be attributed to differences in the models or in the test parameters.
Since the ratio of tunnel height to model chord is 6.7 for the Ames tests and 3.1 for the
NLR tests it is tempting to ascribe at least some of the discrepancies to differences in
tunnel interference and furthermore to give more 'weight' to the data from the tunnel with
the larger ratio. However, whilst interference may indeed by the reason, without further
evidence and analysis it may be better to regard the differences simply as typical
uncertainties inherent in unsteady wind-tunnel measurements.

8 COMPARISON BETWEEN TREORY AND EXPERIMENT

The use of experimental data as qualitative information requires no special comment -
it is when the data are to be used for numerical comparisons with theoretical computations
that difficulties arise.

The principal aim of computational development is naturally directed towards full-
scale aircraft. One of the difficulties in making comparisons with wind-tunnel results
arises because the experiments include features, particularly tunnel interference, which
have no counterparts in the aircraft situation. The difficulties of applying interference
corrections to the measurements have already been discussed. If no assurance can be given
that the interference effects on a particular set of data are negligible, either theory
must be diverted from its main aim and extended to include a mathematical representation
of the tunnel boundaries in the computational model: or, if that is not possible, the
probable importance of the effects must be assessed from whatever information on the
subject has become available when the comparisons are being made.

A full specification of an unsteady experiment in a tunnel includes:
Model and basic flow

Model shape,
Oscillatory motiont mode, amplitude and frequencyl
Stream Mach number, M;
Mean incidence, am (also possibly mean flap angle, 6m W

Viscous characteristics

Reynolds numbers
Transition positions

Tunnel boundary characteristics

Wall geometryl
Ventilation properties.

Comparative computations can vary in type from (a) those that include only the model and
basic flow, to (b) those that include the full experimental specAfication. But at the
start of any programme of comparison it is most likely that the chosen type of computation
will omit the tunnel boutidaries, furthermore the computational model may not fully
represent the viscous characteristics of the experiment. in this case, apart from the
shape of the model and the oscillatory motion, the main parameters entering the computationwill be M and a . If tunnel interference (or viscosity) has had a serious effect on '
the measurements, then it is hardly likely that computations made for the experimetal
specification (M,*,), will yield results in agreement with the experiment.

In the particular case when a shockwave is present, it is clear that the experimental
and theoretical distributions of unsteady pressure will not agree unless there is already
an agreement with regard to the mean position and strength of the shook. But more
generally for all types of flow, it would seem that an agreement on the steady pressure
distribution is a prerequisite to an agreement on the unsteady pressures.

Whilst it may be true that there is generally no free-air equivalent of the tunnel
condition, it is possible that an Improved c emparison of unsteady pressure may result if
the calculations are made for a different condition (14.am)C w i ho gives better agreement
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for the steady pressure distributions. In effect, the comparison will no longer be based
on identities of stream Mach number and mean incidence but instead on similarity of the
steady pressure distributions or, more aptly, on similarity of the distributions of local
Mach number ML . If such a method of comparison is adopted, steady computations would

need to be made over ranges of M and am to seek some agreement in the distributions of

ML before any unsteady calculations are performed. As previously mentioned in section

2.1, such adjustments to the steady mean conditions have already been suggested for the
supercritical design case for the NLR 7301 airfoil of Data Sets 4 and 5.

A caution is necessary here. Should a theoretical condition (Mam)c be found that

gives an ML distribution exactly matching that of an experimental condition (M, am)E,

thus supposedly compensating for the steady interference effects, it does not follow that
the compensation extends to the unsteady interference or even to the interference on a
quasi-steady change. This should be clear from Fig 0.2. The point needs to be kept in
mind when making unsteady comparisons between theory and measurements for the steady-
matched supercritical design cases of Data Sets 4 and 5.

When a comparison is made across an appreciable difference in stream Mach number,
there is a question of choice concerning the form of the non-dimensional unsteady aero-
dynamic quantities that are to be compared. This arises because local Mach number ML
is related uniquely to p/pt but not to C : obtaining identity in the values of

entails a difference in the values of C . Then, since in effect p/P, rather than C

is being used for the steady matching, it would seem more appropriate for the comparison
of unsteady data to be made for non-dimensional quantities such as P/Pto0 (already men-

tioned in section 4) rather than the conventional quantities typified by a/ =_ P/q*0
To give an example: if the two stream Mach numbers over which the comparison is being
made are M - 0.80 and M = 0.85, then an exact agreement between the values of /Pt%0

would entail a difference of approximately 7% in the corresponding values of Ep/40

However, for small differences in M , the matter is usually unimportant, particularly if
the differences lie within the range of experimental uncertainty. Note that the unsteady
measurements of Data Set 7 are presented as values of P/p,}0 because they were originally
used for comparisons between different tunnels.

The preceding discussion has assumed that the tunnel walls are not:taken into account
in the calculations. If the intention is to include the tunnel boundaries in the computa-
tional model it may be difficult to define a mathematical boundary condition sufficiently
representative of the ventilated walls of the experiment. It may then be desirable to
make separate calculations for each of the two extreme conditions representing closed and
open boundaries, as has been done in Ref 0.12 and possibly make a third calculation for
some iIntermediate homogeneous boundary condition.

In summary, the basis on which the experimental and computational unsteady data are
compared may take any of the following forms;

- Same class of flowl
- Similarity of ML distributions

- Identity of basic flow parameters (M,a ). Possibly also identity of viscous para-
meters, Re and transition position;

- Full experimental specification including the tunnel boundaries.
9 SUGGESTIONS FOR FUTURE EXPERIMENTS

The need for further experimental data will naturally depend on the early compari-
sons with the present data. If the agreement is good, the only question to arise would
be whether all the significant features associated with full-scale aircraft had been
catered for. In this connection it will be noted that, although a euperoritical sfation
is included in the Compendium, there are no data for a :uperoritical win. However, this
omission will be overcome when oscillatory pressure measurements become available for the
LANN wing whose geometry and CT Cases are defined in Ref 0.2.

In the more likly event of differences being found between the computations and the
experiments, there may be a need for new experiments. Before discussing what form these
should take# it needs to be noted that the experimental programes from which the present
Data Sets were abstracted predate the choice of the CT Cases. Not all the experiments
were specifically designed to provide data for the kind of close numerical comparisons
now proposed.

in future it may be desirable to give more attention to overcoming the uncertainties
of tunnel interference, say by including in any new tests the effects of changing the
characteristics of the tunnel walls. The desirability of fixing txasition needs to be
re-examined. There could be advantages in making measuraments of boundary-layer thickness
under steady conditions so that these could be related to viscous calculations. Also it
may be necessary to take more account of, or to place greater restraint on* the elastic
distortions when 3-D configurations are being tested.|I



li 0 -17I>

In addition there are two general matters that merit discussion and which to some
extent are interrelated. These are (1) the form of the comparisons and (2) the method of
communicating the experimental data.

Regarding the first of these matters, it is evident that the importance of variation
of the main parameters was fully recognized when the CT Cases were selected. Completion
of the computations for all cases for a configuration and their comparison with experiment
is intended to demonstrate how well theory can cope with the different situations. But the
intervals between consecutive values of the parameters are necessarily rather wide so that
the comparisons tend to appear as a series of single-point correspondences. That is, for
each case the experimental results for a particular condition (M, m)E will be compared with
computed results for the same or a related condition (M,a )C . Whilst single-point compare-
sons may be satisfactory for comparing one computational method with another, they may not
be ideal for comparing computation with experiment: one reason being the inevitable
uncertainties and sensitivities of the experimental results. It would be preferable to make
comparisons of the variations of the aerodynamic quantities with the main parameters such
as M and am , in7the iFeiate vicinity of the corresponding condition (M, m), thereby
taking account of the parametric sensitivities. In practice this could mean a comparison
between, on the one hand the data for a pivotal condition, and on the other, data for amesh of points surrounding the pivot point. Whether in a planned programme, the matrix of
data is provided by the computations or the experiments will probably depend to some
extent on the relative costs of computation and experiment. On this matter it is noted
that although the capital cost of mounting an experiment is large, the running cost of
additional measurements may be relatively low.

The possibility of using a greater quantity of experimental data leads to a considera-
tion of the second matter, the means by which the data are communicated. It is obvious
that printed tables cannot be used until they have been read and some manual action
performed. This procedure is acceptable provided the listings are not to extensive, butthe labour involved, quite apart from the amount of paper required, inhibits the use of
large amounts of data in this form. Rather than printed tables it is suggested that in
future the data be communicated by computer-readable magnetic tape. To give an example of
the practicality of this suggestion, all the results of the NORA tests from two large
tunnels, some 177 cases in all, can be made available on a standard 200 mm diameter
magnetic tape. By using this means of communication a computer available to the
theoretician could present visual displays of the effects of parametric variations and
indeed show the comparisons themselves.
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Table 0.1

THE AGARD ABROELASTIC CONFIGURATIONS

Experimental data
Configuration Motion .. Ee n a

Source Present position

2-Dimensional

Pitch and plunge _ No experiments
Parabolic arc oscillations Nexrint

NACA 64A006 Flap oscillation NLR Data Set 1.
CT Cases 1,2,3,5,6,7,.8*,l0*,ll

NACA 64A010 Data Set 2.
NASA Ames model CT Cases 1,2,3,4,5,6*,7,8,9,10*
NACA 0012 Pitch oscillation Data Set 3.

and transient CT Cases 1*,2,3,5,6,7,8*

MBB-A3 Pitch and plunge Steady data only

oscillations

DO Al Pitch oscillation No experiments

Data Set 4.NLR CT Cases 1,2,3,4,5,6,8*
Pitch oscillation

NLR 7301 Ames Data Set 5.
CT'Cases 1,2,3,4,5,6,7,8*,9

Flap oscillation Data Set 4.
CT Cases 10,11,12,14

3-Dimensional

Reotangular wing Pitch oscillation _A_ Experiments panned for 1984- win about 2 axes R

Pitch oscillation RAE Possibility of future experiments
RAE wing A

Flap scilatio RAE Data $at 6.
Flap oscilation RAE CT Cases 5,9'1

NORA model Oscillation GARTEurt Data Set 7.
about swept axis CT Cases 1,2*,3,4,5*,6*,7,8,9

ZKP wing Flap oscillation VFW Data available in 1983

LANN wing Pitch oscillation NLR Data probably available in 1983

* Denotes the priority oases for computational tests.

t The NORA experiments were made under the auspices of the Group for Aeronautical Research
and Technology in Europe.

!'1~
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Table 0.2

NLR 7301 AEROFOIL PITCHING ABOUT 0.4c

Flow Case RUn NO. M k Re x 10-6 Transition
or DI 0

CT Case 1 - 0.500 0.40 0.5 0.098 -

Data Set 4 1601 0.499 0.85 0.55 0.098 1.70 Fixed
Data Set 5 184 0.508 0.58 0.50 0.050 2.53 Free

D 168 0.505 0.58 0,51 0.049 9.33 Free
Subsonic

CT Case 2 - 0.500 0.40 0.5 0.263 -

Data Set 4 1301 0.498 0.85 0.44 0.262 1.70 Fixed
D 185 0.508 0.58 0.50 0.197 2.53 FreeD 170 0.505 0.58 0.50 0.198 9.33 Free

CT Case 3 - 0.700 2.00 0.5 0.072 -

Data Set 4 3805 0,696 3.00 0.42 0.072 2.11 Fixed

Data Set 5 1 204 0.710 2.53 0.50 0.050 3.14 Free
197 0.700 2.53 0.49 0.050 12.0 Free

Transonic CT Case 4 - 0.700 2.00 1.0 0.072 -

with Data Set 4 3905 0.696 3.00 0.98 0M072 Z.11 Fixed
shock 206 0.710 2.53 1.01 0.050 3,14 Free

199 0.700 2.53 1.01 0.050 12.0 Free

CT Case 5 - 0.700 2.00 0.5 0.192 -

Data Set 4 52705 0.695 3.00 0.55 0.192 2.12 Fixed
Data Set 5 205 0.710 2.53 0.58 0.19 3.14 Free

198 0.700 2.53 0.49 0.201 12.0 Free

CT Case 6 - 0.721 -0.19 0.5 0.068 -

Data Set 4 9608 0.744 0.85 0.46 0.068 2.23 Free
190 0.752 0.37 0.50 0.050 3.30 Free

Data Set 5 132 0.752 0.37 0.50 0.050 6.20 Free
144 0.751 0.37 0.50 0.050 11.4 Free

CT Case 7 - 0.721 -0.19 1.0 0.068 -

Data Set 4 - - - No measurements -
j 136 0.752 0.37 1.01 0.050 6.20 Freei Data Set 5 i

Super- D 150 .751 0.37 1.00 0.050 11.4 Free
critical -.- -

design CT Case 8' 0.721 -0.19 0.5 0,181 -

Data Sot 4 6708 0.744 0.85 0.61 0.181 2.22 Free
191 0.752 0.37 0.50 0.200 3.30 Free fData set 5 134 0.752 0.37 0.49 0.200 6.20 Free148 0.751 0.37 0.50 0.201 11.4 Free

CT Case 9 - 0.721 -0,19 0.5 0.453 - -

Data Set 4 - - - No measurements - -
SData Set 5 15 . 0.37 0.50 0.300 6.20 Free A

149 0.751 0.37 0.50 0.301 11.4 Free

Denotes a po£rity case for computations

I.
I
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DATA SET 1

'I NAP.A 64Aoo6 oscTLLATING FLA

R.J. Zvasa, NLR

INTODUCTIONI

The wind tunnel model which had a NWA 64iAO06 a..zfoil section, was fitted with a trailing-edge flap
of 25 per cent of the chord. The maximum thic*4ness of t.his symmetrical airfoil is 6 per cent and is

* louated at about 28 per cent of t1,,e chord. During th, test the main surface was clamped at the wind
turnel side walls, whereas the flap could be driven in a harmonic motion about an axis at 75 per cent of

* the chore.* The flap had no aerodynamic balance.

In the set of two-dimensional aeroelastic configurations this airfoil represents the category of
small thickness. and conventional airfoils (roof-top type). The characteristics are illustrated in figure
1,*1, presenting the development of the steady and unsteady pressure distributions with Mach number for a
given frequency. Passing the critical Mach number, M*WO.85, the measured unsteady pressure distributions
start to deviate from the calculated distributions under the influence of shocks at both sides. The
calculated results Are based on lifting surface theory.

Lift and moment coefficients are given in figure 1.2 for a frequency of 120 Hz. An at least qualita-
tive agreement exists between experiment and theory up to NtiO.85. Results are also given for k =0, see
figure 1.*3. The differences between experiment and theory are appreciably larger uow, vLlch can be
ascribed partly to tunnel wall interference..

1 9YRFOIL

1.1 Designation NACA 64AO06

1.2 Type of airfoil Roof top. 6 % thick, oymmetrical

1.3 Geometry See Table 1.1
1.~4 Design condition Not mpplicable

1.5 Additional remarks
1.6 References on airfoil. Ber. 1.

2 MODEL GOETRYI

2.1 Chord length 0.18 0

2,2 Spn o.Z42 m
I. 2.3 Actuzal a' iel aoordinaeea and accuracy
rof measurements See Table 1.2

2.4& nap: hinge mud gap details Hi%* axeis at 0.75 a; gap width 0.1 a

3.1 Designation 04L Pilot Too

3.2~ Type of' twillel Coutinuous, el000d circuit r
* 3.3 Ut ti diw~in Retiglr boo, n'. 1A~

highi O4'$ a, vidth 0.1a2 a
3.4 Type of zoor and. tloor 10 % slatted top azid bottom taafla stpaeat. tdp ud

3.8$ Typo~e *sideoudrylyo~ wall 90o1 sid Vpob1l ipm ewtaiea

roofiatnd oobr p .at

3.1 IMro.it ufMa b s'be over test Uee Flit.. 1.5

3.11 sores and Iovtls or noiso ..W fteW91/foiae 1ev*l .i A. 40aJ turbulttw* $a ivpty twame).
3.12 W ?urnn eoaaane W~ ,vidoi

* I I ~J
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3.13 Additional remarks For two-dimensionality of the flow see Ref. 1.3
3.14 References on tunnel Ref. 1.2

4 MODEL MOTION

4.1 Mode of applied motion Flap oscillation

4.2 Range of amplitude 6 0i

4.3 Range of frequency f = 0 to 120 Hz; k 0 to 0.4

4.4 Method of application - Electrodynamic excitation at both sides of the flap,
using adjustable spring stiffness

4.5 Purity of applied motion Checked by spectral analysis; no data stored
S4.6 Natural frequencies anud normal modes No interference with natural vibration modes

of model

4.7 Static or dynamic elastic distortion Negligible
during tests

4.8 Additional. remarks

5 TEST CONDITIONS

5.1 Tunnel height/model chord ratio 3.1

5.2 Tunnel width/model chord ratio 2.3

5.3 R nge of Mach number M = 0.5 to 1.0

5.4 Range of tunnel total pressure Atmospheric-

5.5 Range of tunnel total temperature 313 1 1 K

5.6 Range of model steady, or mean, cy -40 to 00; 6m: - 30 to 3'
incidence " m

5.7 Definition of model incidence Zero incidence defined by matching upper and lover
static pressure distribution (applicable because of
airfoil symmetry)

5.8 Position of transition, if free Not applicable
5.9 Position and type of trip, it -2.5 mm strip of carborundum grains at 0.1 o

transition fixed

5.1O Fl.r mixed flow, roaition of sonic Not measured
boundary in relation to roof and
floor

5.11 Flow inatabilition during teots No evidence

5t 12 Addltionslremarks -

5.13 References describing tests Ref. 1.4

6 %.4 UEIm1-G AND OBSERVATIONS

6.1 Stea4y proosures for the man conditions

.6.2 Steady preusures for small changes fro the mean conditions
6.3 Quasi-steady prossure.

6.1. Ustesdy pesr.
6.5 Steady forces tar the mam conditions uuuored directly

lintegtated press.
6.6 "teady forces for sNall chang* free the meah coaditio" asamawued directly

1ntograted press V

'6.7 quasi-steadwy fores -.- ueddirectly -
;inttvated press.

S6.8 Usem ady forces J~Imued directly A

6.9 Measuremnt or sdavial motion at ats o n wdol
6,10 Observation oraasuetrmet of bounda y lUeyo pra-prties
6.11 visulaatiob or murface no."A - 6.12 Visualiation of shokwave move ".ts

6013 A"itioaIa r ,.asr. ,

I i



1-37 INSRUMENATI1
7.1 Steady pressures

7.1.1 Position of orifices spanwise and See 7.2.1

7.1.2 Type of measuring system See 7.2.3

T.2 Unsteady pressures

7.2.1 Position of orifices spanvise and See FigF 1.7 and 1.8

T.2.2 Diameter of orifices 0.8 mm

7.2.3 Type of measuring system 38 pressure tubes + 6 in situ pressure transducers
7.2.4 Type of transducers t2.5 Psi and ±5 Psi Statham differential pressure

transducers, and,±5 Psi Ruaite miniature pressure
transducers

T.2-5 Principle and accuracy of Calibration uses transfer functions of pressure

calibration tubes, see Her. 1.4; for accuracy see 9.10 j

7.3.1 Methcd of measurement' See Fig. 1.7

7.3.2 Accuracy See 9.10

7.14 Processing of unsteady measurements

7.4.1 Method of acquiring tend See Fig. 1.9
processing measurements,

'(.4.2 Type of analysis Signal. analysis of TFA over 20 cycles for f 30 Hz

7.4i.3 Unsteady pressure quantities Fundamental hxmonics; for accuracy see 9.10
obtained and acuurat~ies achieved

7.14.4 Method of integration to obtain Trapeoidal rule
forces

7.5 Additional remarks

7.6 References onIeohaiqu~s Refa 1.4, 1.5

8 DATA PRSENTATION

8.1 Test came3 for which date could 'Table 1.3I

8.2 -Teat cases for which date awe Table 1.14
included-in this document

83 Steady pressures Mean pressures in Tables 1.5 to 1.18

8.14 -4uasi-eteadj or steady perturbation Steady pressure derivatives in Tables 1,5, 1.8, 1.11,
prese'ures 1.11& and 1.17

presuresand 1.18

* s8.6 Steady forces or moaents
8.7 Qutasi-steady or steady perturbation See 8.4

8.8 forcesv forces and moment# see 8.5 *
8.9 Other forms in uhich data could be

made available -it required

of data

9 COMTON DATA.
9.1 Accuracy

J.9.1.2 Steady incidence -.0.02w 1
*9.16'3 Reduced frequeney 10.000

.9.1L4 Steady pressure cootticiiats Not known
9.1.5 Steady prossuro. derivatives Not knovft

9.1.6 Unsteady pressure coefficients , lIot knowa
9:.2 Sensitivity to smul obwa of* No eVdn

psxrwttr
9.3 SOaA4s. variations Nto evidence

I~9.4Ii Uo-lineities Puat f"Aubsieof -*erima resu2t a" e Rot. 1.I.
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9.5 Influence of tunnel total pressure -

9.6 Wall jntecr ence corrections No corrections included

9.7 Other riF.Levant tests on same model None

9.8 Relevart tests on other model of Unknown
nomina:,ly the same airfoil6

9.9 Any rtmarks relev ant to comparison Comparisons of experiment and theory including
betwe en experiment and theory various calculation methods are given in Ref. 4

9.10 Additional remarks No systematic investigations of separate accuracies

coefficients is estimated to be 5 to 10 per cent in
magnitude and 3 to 6 degrees in phase angle

9.11Refrenes n dicusionof ataRefs 1.4, 1.7

10 PERSONAL CONiTACT FOR FURTHER INFORMATION

R..Zwaan, National Aerospace Laboratory MNR), Anthony Fokkerweg 2, 1059 CM Amsterdam,
TeNetherlands

1 LITOF REFERENCES Ter fI

11 efrece onot disuso of g etio aebeneromdscurc flf admmn
A..von Doenhoff Dover Publications, Inc., New York, 1959

1.2 J. Zwaaneveld Principal data of the NIJL Pilot Tunnel
NLL Report MP15,99

1.3 H.A. Dambrink Investigation of the 2-dimensionality of the flow around a profile in the NLR

O.55x0.42 m2 transonic wind tunnel
NLR Memorandum AC-72-018, 1972

1.4 H1. Tijdeman Investigations of the transonic flow around oscillating airfoils

NLR TR 77090 U, 1977
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12 NOTATION AND LIST OF SYMBOLS 1
*DATA SET STANIDARD

ALPHA mean wing incidence , dog 2oo

01) tead wanpressure cofficient, C

DOP acilb).ory pressure cefficient (k A% 0), tabulat!04a R~al, Imvinary, MODulus and
rad AH in dog. 11 6. Ii u26

DESLTA mean flap angle, 6. dog

40F frequency, f, lit.Ic reduced frequency, km w to/V .1

XC 6 odalllatoy wing lift cefftieient. tLjw4., t~

M man loc2alXach numberN15
NetMC me oscillatory ving pitching mosient coefficient (about 0.25 a, -2 oih/wI , ra
IC 0  ovai latory flap hingo "o t. coefficint ,-2 Vowread

P0 total pressure, ptl Fa

q dyamic. pressure$ q, Pa

(sfi)uppr side



(superscript) critical value 7"
Note 1: Symbols not mentioned here conform to the notation in the General Review i
Note 2: The oscillatory motion is defined as 6 = 6 sin wt, in accordance with the General Review. The

equation for a corresponding oscillatory pressure reads:
p(t) = m + p'sin wt + p"cos wt + etc.
Similar expressions hold for the aerodynamic coefficients.

TABLE 1.1 TABLE 1.2

Contour data of the NACA 64A006 airfoil Actual contour data of the NACA 64A006 airfoil
(measures per cent of chord)

x(% c z (% c x( ) z, cT,

0 0 4o 2.999 X Zupper Zlower
0.5 0.485 45 2.945 1.25 0.742 -0.742
0.75 0.585 50 2.825 2.50 1.025 -1.025
1.25 0.739 55 2.653 5.00 1.05 -1.025
2.5 1.016 60 2.438 750 1.686 -1.686
5.0 1.399 65 2.188 7.50 1.686 -1.686

10.00 1.919 -1.922
7.515.00 2.283 -2.283
10 1.919 75 1.602 20.00 2.58 -2.555
15 2.283 80 1.285 25.00 2.758 -2758
20 2.557 85 0.967 25.00 2.758 -2.758
25 2.757 90 0.649 30.00 2.894 -2.889
30 2.896 95 0.331 35.00 2.975 -2.969

0.1 40.00 2.991 -2.989
35 2.977 100 45.00 2.942 -2.936

50.00 2.822 -2.819
L.E. radius: 0.246 % c 55.00 2.655 -2.642

60.00 2.430 -2.425
65.00 2.194 -2.169
70.00 1.908 -1.894
75.00 - -
80.00 1.310 -1.310
85.00 0.989 -0.989
90.00 0.668 -0.668
95.00 0.346 -0.346
100.00 0.027 -0.027

TABLE 1.3

Test program for the NACA 64AO06 airfoil with flap

Tet conditionACH NUMBER
Testcondition (Hz) & .0 J75 .775 .80 .825 .85 .675 .90 .92 .94 .9 g 10

0 x x x x . x x x x x x X.
10 x x x x x xa: 0 20 x x

00O 30 x x X x x x x

90 2x x x x
120 xx x x x x x x x x x x x

- 1 
0  

30 x x x x X

120 x x x x x x x x x x

am. 00 30 x x x X x
1 s120 x x , x x x .x x x x x"

2 0 x x 2 x x 2 K -

130 x x " x

120 x x x x x x 1 x

V"3 . 2 x x x x x .x x ..x

a_____ 20

63120 x x -2 x 2. I

.a -40 0 x x 2 2 x x x x 2

II xJ

608 09 30 x x xI .2;::: 1 0 J 2 X 2 X X* I120 x x K 2 x 2 x I

AXPLIUD OF O8C L. -ON " 2 1 W ""

:.: . .i . . . ; ;- . .

t.; ... .. .... .. V
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TABLE 1. 4

Test cases for the NACA 64A006 airfoil with flap included in Data Set 1

Flo No CT Case Data Set
NO 6o Run Noj ieo T k Ta-ble

Subsonic z1 0.800 1.5 0 0 .80 1. 0 0 2.34 1.5
0.80o 1.0 0.064 40904 o:094 1.09 0.15 0.064 2.3 1.6
0.800 1.0 0.253 4080 084 1.11 0.00 0.253 2.35 1.7

z2 0.825 1.5 0 - 0.825 1.5 0 0 2.36 1.8
3 0.825 1.0 0.062 W0905 0.824 1.09 0.15 0.062 2.36 1.9
4 0.825 2.0 0.062 No measurement
5 0.825 1.0 0.248 40305 10.822 0.95 0.20 0.248 2.28 1.10

Transonic z3 0.850 1.5 0 - 0.850 1.5 0 0 2.39 1.11
6 0.850 1.0 0.60 40906 0.853 1.10 0.16 0.60 2.40 1.12
7 0.850 1.0 0.240 40806 o.854 1.05 0.02 0.240 2.41 1.13

z4 0.875 1.5 0 - 0.875 1.5 0 0 2.43 1.14
8* 0.875 1.0 0.059 40907 0.877 1.13 0.15 0.059 2.43 1.15
9* 0.875 2.0 0.059 No measurement
10* 0.875 1.0 0.234 4007 10-879 11.08 0.01 0.234 2.44 1.16

Z5 0.960 1.5 0 - 0.960 1.5 0 0 2.51 1.17
11 0.960 11.0 0.054 4091 0.966 1.03 0.00 0.054 2.53 1.18

1 0.60 1.0 0.214 No measurement 0.18
Cases zi o are - -I - - -

Remarks on Table 1.4

Cass z toz5 aeextra to the computational cases identified in reference 1.8. They correspond to
zero-frequency (k =0) experimental data that are closely related to the CT Cases for which k *0.
The asterisks denote Priority Cases.
In all cases am 0. Transition is fixed at 0.15 c.

TABLIE 1.5

H *RO F u 0 AL 0A .00 KC a 1.32I
OELTA *0.00 MC a .612

C U1.5 KC - .0372

-.E4 14f~ RE. I"

010 -12 *RT 1643 O7 -.103 .87 -2.183
6200 .43 .00 10640 o -.023 .908 -1.719 00

o30Q -02b" 692 131 4.431 -*73 ... 92 *. 10852 00
.78 -0290 9932 .i.*90 0.00 o9 93 -00

.800 -.046 ongsk 1.S07 non -*213 .*R1 -1079b -0
o880 .4O50 .AOS P01%, 0fl ..014 4110 . -ie.699 00

.901104 0790 .974 0.0 .0103 40~ -. 61 0.0

-007 105% 001OS A4 :374 0.'0 -04 N ps?*1

46I.1 i46 0
*05 -01 605 1016 41, 644 60 --069 4V
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TABLE 1.6 -

RUNNO 40904

M .*794 Fu 30.0 ALPHA8 0
PO 10429 DELTA. *15
RES 2,32E6 Ks *064 Ce 1.09
Q a 3037.30

RE Im RE IM
KC- 1.016 -0.260 RO! .2768 *0112 X5 1 314E 3  1
MCm 9640 .01( NC 6385 .0028 X68 93 6E.3 0

UPPERSIDE LOWERSUDE
X/C CP* M, :0CP# OCP# CP- - 0~. DCP.

RE 3M MOo ARG RE IM MOD ARG
.010 -0.035 .811 .671 -1.474 1.619 -65 .077 .T59 O0.736 ;#554 1.719 115
• 050 -0.175 .873 312 -0.753 .827 -66 -0.1g0 .847 -0.678 1.050 1#250 123
.100 -0.226 .897 '657 -0.853 1.077 -52 -0166 .867 -0,57 .695 1.159 129
.200 -0.252 .909 .991 -0.787 1.266 -38 -0.222 ,893 -1,1 5 t826 1,387 143
.300 -0.279 .921 1,245 -0.683 1.420 -29 -0.266 .968 1.276 *708 1.459 151
.400 -0.304 .932 1.628 -0554 1.719 -19 -0.279 .919 -1,08 ,605 19690 159
.450 -o.287 .925 14144 -0.403 1790 -13 -0.260 .910 165 490 1:736 164
.50o -0.263 .914 1.826 -0.301 1:850 -9 -0,235 .898 -1.825 .379 1.864 168
•550 -0.222 .895 1.915 -0.198 1 925 -6 -0.199 .882 -1,927 4268 1.948 172
•6 00 -0,190 .881 2.034 -0.113 2.038 "3 -0:165 .867 -24105 .185 2*113 175
.660 -0.159 .866 2.155 -0.136 2.159 -4 -0.127 .85o -2.302 .118 2,305 i17
.700 -0.125 .851 2.258 -0.253 2.272 -6 -0,089 .833 -2.649 .043 2.650 179

.725 -0.108 .844 2.658 -0.213 2w667 -5 0.07i .825 -2.85 .023 2.8S 180
•750 -0.G6b .825 4.948 .409 4.965 5 .013 .787 -5.276 1.571 5.505 163
0175 -0.085 .833 4.097 .224 4,103 3 -0.030 .606 -3.891 -0.047 3.822 181
.80o -0.058 .821 3.038 .335 3.057 6 "020# 801 2.943 -0,141 2.946 183
.850 -0.018 .803 1751 .212 10764 7 .006 .790 -1.8 -0, 42 1,739 101
.900 .021 . ,786 , ,100 ,964 6 0 :t76 1.1* 1,069 86
.950 .069 .764 ,31 .813 374 2 ;050 1 :7 1 3 . 503

TABLE 1.7

RUNNO 40807

4 * .804 Fm 20i0 ALPHAv 0
PON 10484 "OELTAwO.Oo
REN 2935E6 KI s253 C loll"
0 ' 3097.83

RE I RE Im
KC. .830 :0.394 ROO .3090 s0460
9C, .756 "0;019 NCm .0419 .0115

x/c CP# me QCP+ QCP4 CPR W. OCiP- OCP-RE LU MO0 ARO t IN MOO ARO

soo -o001 eels -1,001 -0. 9 1,346 -38 t4 1.043 .9 4 1,387 41
050 -073 ,.882 .497 "0, 0 8 -38 --Os 1: 0926 34 1.10 9601 0 .91 13
.100 2o.265 .906 -0,416 -0,6 .242 -83 -o.3i 9882 -1.6 $.047 1,91 6, 
*200 0.0252 2919 0 e90 2 11 2 -094 .03 ,96 -1.061 1,124 1118 15
.300 -0.20 ,932 o42. -0S2 .417 -72 "O1T .6921 -0.21 1 276 1352 10400 -0306 944 I,640 -1.466 1.921 -5O -0,202 *933 -1.100 1:107 ITOS i30
.450 -0.289 1936 1.9647 -1.ZT7 2#084 -30 -0026T .926 -1,335 1,199 1.095 130
.Soo0 "0261 923 1,443 "1,118 2,242 %30 -0,,23e :91a -1@668 1,044 1*966 148
955o "0.223 0905 2:146 "0,900 2.327 4 3 :0:203 .896 "1#906 .924 2*118 154
.600 "0.186 .889 2.336 "0 629 2,420 --1% 0.161 *880 "2*211 .664 2,315 163

,660 -0.1568 .875 2.t82 -0.428 2.617 -9 -0P132 '864 :2S56 .523 2m609 168
s 00 -0.126 ,861 26129 :0.180 20735 -4 "0095 '847 '2.970 .290 2.992 114
.1?25 -0,100 .852 , 59 -0,|39 3.262 -2 -0:076 ,838 :3.286 .212 3.293 176
:,5o -0.045 .824 7:188 .060 7,188 0 .0o8 .800 6,56 .214 61o It6
.75 -0.083 .041 4.421 .134 4.429 2 0.038 .821 :3.953 :0.109 3.9S7 183
o.800 OOSs ,828 3339 .446 3,368 8 "0.026 .616 -3.099 0.374 3.121 187

.850 -0:0? .811 1.986 .488 2.445 14 "0,001 ,604 -10033 "0, 31 1.885 193

.900 .0 0 794 1.105 .40? 1.1,8 20 1032 9 -0 . , 4 1.206 .,2

.950 9066 ,?13 ,431 .220 4617 26 0074 .TTO i02T3 ,566 209
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TABLE 1.8

M = .825 F = 0 ALPHA = 0.00 KC = 1.35
OELTA = 0.00 MC = .640

C 1.5 NC = .0380

IJOPEPS~nE LOWERSIDE

X/C CP + + nCP + Cp - m - DCP -
RE Im RE IM

.010 k017 .A17 3.13? 0.n .039 .807 -3.208 0.0

.050 -.146 .894 2.081 0.0 -. 141 .891 -2.139 0.0

.100 -.188 .914 1.680 0.0 -. 181 .910 -1.757 0.0

.200 -.246 .Q42 1.623 0.0 -.247 .942 -1.719 0.0

.300 -.283 .959 1.85? 0.0 ..?9 .962 -1.910 0.0

.400 -.321 .978 P.34q 0.0 -. 326 .980 -2.349 0.0

.450 -.300 .96A ?.311 0.0 -. 294 .965 -2.292 0.0

.500 -.266 .Q51 ?.081 0.0 -.263 .950 -2.177 0.0

.550 -.225 .931 2.06? 0.0 -. 224 .931 -2.158 0.0

.600 -.187 .913 2.177 0.0 -. 144 .912 -2.?53 0.0

.650 -. 151 .A96 2.406 0.0 -. 147 .894 -2.463 0.0

.700 -.119 .RRI ?.750 0.0 -. 104 .874 -2.712 0.0

.725 -. 103 .973 3.13? 0.0 -. 084 .864 -2.92 0.0

.750 -.092 .A68 4.660 0.0 .001 .822 -7.219 0.0

.775 -.068 .A57 3.991 0.0 -.051 .849 -3.839 0.0

.800 -.042 .R45 ?.845 0.0 -.032 .040 -2.884 0.0

.850 -.006 .828 1.661 0.0 .002 .824 -1.699 0.0

.900 .029 .811 .939 0.0 .036 .808 -.974 0.0

.950 .072 .791 .439 0.0 .079 .788 -.401 0.0

TABLE 1.9

kUNNO 40905

M a *824 Fs .30.0 ALPHA* 0
Po 10426 DELTAS *15
RES 2.36E6 Ka .062 CU 1.09
Q 3175,36

RE IN RE IN
KCs 1,068 -0*260 RO #2863 .0195
MCO .681 *022 NC0 *0395 .0041

UPPERSIDE LOWERSIDE

X/C VP* N bCPs DCP# Cp- M. bcI. DCP-
RE %M IMO0 ARO RE IN moo ARe

.010 -0.011 .031 4017 -1.351 1,446 --69 too$ M72 -0,530 4:326 1*491 Ill
.05o -o.169 .90O; :273 :0:707 ?7SO -69 "0:116 ,8T8 -0, 162 Mg 1,147 119

' 100 -0.223 .931 5 0 -0.39 1:008 .-56 *to 6! ,902 -0,Q 44 gJ5 1,161 12t
.200 -0.258 v948 v908 -o0044 1#240 -43 -o#235 .,934 Not0? ,90| 1,396 1 0

1300 .0294 966 1,306 -0,793 953 1*354 88 14

,400 -0,329 *983 1.956 -u.715 .02 -2c -0,30 :069 :1:017 754 2,023 158
s450 -o.312 9TS 2.107 -0.467 oI. "-12 - 0,284 .950 "1.9 0 .7 a.02 163
.500 -0.270 ,958 2.113 -0.2?1 2.130 -7 -o.254 .943 -2.030 ,391 2,067 169
.S5o -q33 .936 2 065 -0,143 2,069 "4 "0.22 .923 "2.102 262 2.119 173

.600 -O.194 .918 2.147 -0.048 2.148 -1 :0.171 .9o3 -2.216 41 2.250 176
650 -0.162 .9O2 2.2?1 -0*063 2,272 -1 0 134 ,886 -2.447 ,850 2.44? 179
.700 -0.129 .687 2.346 -0.182 2.353 -4 -0.092 .866 -2.771 -0,042 2.771 18
0725 -0.112 .878 2:780 -0.133 2.783 -3 .0:072 .857 :2:904 -0.044 2.995 is
s750 -O.066 .858 5.091 .547 5.120 6 .01? .815 "5.4 7 1590 5.645 16
M :77 0 0.o8 6 .866 4e289 .363 4*3o4 5 -0.029 .836 -4.000 -0.133 4.003 182

I 0800 "0*058 .853 3:173 .468 3&207 8 "0.016 *831 -3.079 -09202 3 085 84

.860 -O.o014 .832 1.605 t288 1.128 9 ,oo 6819 :10793 -0.092 1795 8
*900 *024 .815 096? 9135 4977 a 9.043  .803 -1.449 .0.6128 1,096 is?
*950 .013 .791 v341 #032 .382 s .o0 .784 -0443 844661 949# t

W .1
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TABLE 1.10

RUNNO 40305

M a .822 Fs 120.0 ALPH4I 0
Pon 10069 OELTAa S2O
RE* 2*28E6 Ka 9248 .Cs Ig5
Q a .3056.41

RE Itt R
KC- ,865 -0,460 RON. 93462 ,0481
MC- .861 -9.064 NCO .0477 00120

X .UPPERSIDE LOWERSIOE
cX/C CP+ c* pCP# QcP CPS A 0CPw DCP-

RE IN. NOo ARG RE IN MOO ARG
.010 .002 *821 i-t336 T0,490 1f643 -160 0064 792 1,437 1496 1.521 19
.o5o -o.1S7 .896 0.641 -0.285 0.20 -157 -,0135 .885 '978 .43 1.olo 24
.100 -0.217 .925 !01734 .0.568 .f940 -141 "0*185 .909 .849 t673 1,083 3A
'200 -0.2S7 .944 -0,56 -1.074 j1214 .-118 -.;247 .938 ,6o8 133 1.374 64
.300 -0.293 .961 *138 -1.765 1.770 -85 -0o285 .956 -0.048 1.690 1.691 92
.400 -0.329 .979 1.462 -2,925 2662 '-57 .09319 e973 -1.291 2,051 2.424 122
*s450 -0.307 .968 2.104 v1836 24792 -41 -0.296 .962 -1:683 1:154 2*431 134
.500 -0.270 .950 2.333 -1.416 t.730 -31 -0.958 .944 -2.112 1,99 2.533 146
.550 -0.229 .930 2$77 1*087 2,797 -23 -0.220 .925 -2,314 1.165 2.591 153
.600 -0.193 .913 2.747 -0.746 2,846 -15 "0.179 .906 -2.586 .843 2.720 162
.650 -0.161 .898 2.467 -0.489 3.007 -9 -0.142 .888 -2.669 .654 2.943 167
.700 -0.126 .882 2s956 -0.230 296S -4 -0.104 .870 -3.307 .354 3.326 174
.725 -0.166 .872 3.445 -0.194 3.451 -3 -0.081 .859 -3.571 .248 3.580 176
.750 -0.061 .851 64850 -0.178 6.853 -1 .017 .814 -7.104 .136 7.10S 179
.775 -0.080 0860 4.901 .086 4.901 1 -0.045 .843 -4.696 -0.106 4.698 181
.800 -0.052 .847 3.740 .440 30766 7 "0.029 .835 -3.638 -0.338 3.654 I8S
.850 -0.013 .829 2. 4 .501 Z,280 13 -0.000 .822 -2.1 -.483 2.175 193
960 .024 .811 N194 .429 ao, 20 o34 05 -1.,19 -4.66 1;448 9
.950 .011 .789 .455 56 .517 28 061 7 o06o7 -0.396 .675 204

TABLE 1. 11

M 80F 0 ALONA m0.00 KC -1.41
OFLTA = 0.00 MC =.745

C =1.0 NC =.0358

1iapuF~pl LOWERIII1E

A/ 3 4np4 C- M cp-
.. 2E t4 IM

TA.731 .0 .0 -654 0.0 
.0so -.134 .916 1.414 0.0 -. 130 .914 -1.795 0.0
.100 -.180 .30 1.451 .A. -. 375 .936 -1.41y 00
.200) -.?b4. .Q76 1144Q 0.0 -. P64 .901 -1.584S 0.0
.300 -.3U4 1.001 I.7l'Q 0,0 -.31? 1.008 -1.94*1 0.0
.400 -.31 1.03A F.444 0.0 -. 45 1.043 -I.bsy 0.0

F.450 -.340 1.020 -47c q.0 -.362 1.031 -4.049 0.0boo -o2133 *990 4.744 all -.74? .9Q0 -5.042 0.0
tio -27 .9e.7 1.&31 0.0 $416 .67 -i!40h2 0.0

.600 -. 101 . f4 1.90 n.0 -.190 .943 -1.906 0.0

.050 -.I1 .95 ?.3253 ,.0 -.14? .'20 -2.234 0.0 .

.700 -.115 .g0t .44 O. -.105 .901 -2.67% 0.0

.?25 -.100 AO99 1.094 On -.042 .890 -2.84% 0.0t

.?s0 -.090 Y.04 4.660 0.0 .il .80 -7.105 0.0
4TO -.065 .082 4.04Q 4.0 -*4? .O13 -3.07? 0.0
.800 -.03Y A069 P.84 0.0 -.029 .064 -2,92. 0.0
.• ) 0.00 .AS0 1.A 'I.0 .007 .$7 -1.600 O.u
.900 .0.1? .32 .9q'i 0.0 .044 .429 -.Y74 0.0
.950 .08 .R1O .439 0.0 .047 .808 -.401 0.0
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TABLE 1.12

RUNNO 40906

= 53 F= 30.0 ALPHA= 0
P,= 1-,425 DELTA= .16
RE= 2*40E6 K= ,UOO C= 1#1'
q z 33 2.42

RE IN Re. II
<Cc 1.119 -0.278 4C= #2667 .0284
'C= 9732 .029 .cU .0393 .,56

U'JPErSI'jE LOWERSIDE
X/C CP+ 6+ OCP+ DCP+ CP- - DCP- DCP-

RE I. VO1 RA RE IM MOD ARG
.010 .015 .845 .292 -1.137 1.174 -76 .104 .803 -0.340 1.212 1.258 106
.050 -u.156 *929 .153 -0.602 .621 -76 "0.107 9907 -o0373 .867 .944 113
.100 -0.22 .961 .343 -o.7 37  .813 -6v -o.166 .937 -0507 .867 1.005 120
.200 -0.273 .968 .621 -u.84 3  1.047 -54 -u.244 .976 -0.828 .979 1.282 130
.300 -0.321 1.013 .998 -1.951 1.379 -44 -0.296 1.002 -1.155 .998 1.526 139
.400 -0.392 1,v5O 1,721 -1.059 2.021 -32 -0.354 1.033 -2.351 1.311 2.691 151
.450 -c.377 1.042 4.088 -1.77(: 4.454 -23 -u.329 1.019 -3.773 1.312 3.995 161
.500 -0.311 1.008 4.276 -v.3 32  4.289 -4 -c.265 .986 -2.161 .170 2.167 176
,SSo -0.240 .972 1,884 .334 1.913 10 -0.221 .964 -2.149 .090 2,151 178
.600 -0.198 .951 1.975 .236 1.989 7 -o.174 .941 -2.265 023 2.265 179
.650 -0.16o .932 2.193 .161 2.199 4 -. 133 .920 -2.466 -0.047 2.466 181
.700 -0,125 .914 2,384 -0,037 2.384 -1 -04088 .898 -2.804 -0.114 2.807 182
.725 -0.106 .905 2.837 -0.00t 2,837 -C -0.068 .888 -3.028 -0,141 3.031 183
•750 -0.064 .884 5.195 e66, 5.237 7 .020 .844 -5.510 1.582 5,733 164
O775 -0.08o .892 4.426 .483 4.453 6 -0.026 .867 -4.083 -0.228 4.089 183
.800 -0.052 .878 3.235 .578 3.286 In -0.013 .860 -3.114 -0.300 3.128 165
.850 -0.007 .856 1.812 .363 1.847 11 .014 .847 -1.796 -0.164 1.804 185
• 900 ,034 .836 ,955 .175 .971 in .047 .831 -1.063 -0.177 1.077 189
g.950 .082 .813 .360 .040 .362 6 .092 .81 -0.465 -0.081 .472 190

TABLE 1.13

RUNNO 40806

M 0854 Fa 120gO PtAm 0

PO 104i NL .0
HEw 2,41E K" *240 Ca 105
Q" u3320.06

RE IN Rk IN

KON :?97 0.51 No .3514 00651
M .E 923 -03;4T tic -0.067 .0146

SUPPERSIDE LOWERSIDE
• XIC CP+ M+ bcpf WoC Cp. M- DCP- OCP-

.RE .114 MOD ARG Re IM MOD ARC

: 000 . 31 0 5 6 0 06 .56 2 - 0 .0 90 4 ' 8 0 8 -.2 2 0 0 8 9 3 2 5 1 3 4 7
0O "1 2 .929 061 .1a 7.75 a196 0116 910 966 -0,116 911 353
o100 "0214 0960 0:891 :055 .893 -184 -0069 :937 :g89 e039 4:905

0200 -0,267 o986 -*213 -0,339 1260 .-164 000245 975 -. 116 9633 ls283 30
.300 -00314 1O0il -18054 -1*330 1,89? v136 0301 1:004 N0 1.49b 1.805 56
*400 0632 1.041 wov32 : 83 3 .081006 1 --.926 0o364 :.09 21
450 -0036T 1:038 1:399 -. |9 402 2 -?3 0.026 "1313 49335 4o592 109
,500 -0,330 1o019 3,214 -50418 6,300 -59 o0too .993 -3o476 2*969 4;5?1 140
550 "0,236 ,971 3181 "1*564 4:14? -22 -0:220 :963 "3*243 19189 30454 16o

:600 "0.190 .946 3.538 "0*633 3.g 59 "-1 0 "0.7 .942 "3.2TE *679 3o343 168
4L 650 01156 *930 3489 0#367 3,508 6 01136 *921 :3:374 #606 3:412 IT)

*7 . .00 -0*124 ,915 3.405 -0*060 3.486 -1 009093 egg9 -3.50 #165 3 591 17
I0725 -00162 e903 3,856 -oe016 3,056 -0 -0,074 .09o -3,860 ,089 3,861 1t79

0750 :o:044 ,875 7,724 *194 7,726 1 0021 .843 -7,010 "0*283 7*00| 182
,775 "0'0 9 0893 5,129 0229 50134 3 "0:031 0069 -4,59T :0:216 4060S 183
Boo "005 Oi ,879 3,946 .580 3,990 6 -0,018 .862 -3,0 -0 5 6 3.673 18

,,0900 ,032 .838 it 32 ,$10 ,, 33 22 ;045 a832 -i,11O -O097O 1-3 3 0
0950 0002 .814 ,467 0261 0535 29 ,066 tell "0,524 -P0*348 :629 214
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TABLE 1.14

H = .875 F 0 ALPHA = 0.00 KC = 1.57
DELTA = 0.00 MC = 1.000

C = 1.5 NC = .0336

ijPPERS~nF LOWERSIDE

X/C CP + nCP, CP -- DCP -
RE 14 RE Im

.010 .069 R40 1.948 0.0 .08 .831 -1.948 0.0

.050 -. 114 .q33 1.317 0.0 -.1OQ .930 -1.337 0.0

.100 -. 163 .958 .95% 0.0 -. 160 .957 -.993 0.0

.200 -.251 1.004 .897 0.0 -. 256 1.007 -.974 0.0

.300 -.318 1.040 1.203 0.0 -. 325 1.044 -1.298 0.0

.400 -.395 1.082 1.146 0.0 -. 404 1.087 -1.260 0.0

.450 -.435 1.104 1.3596 00 -. 435 1.104 -1.585 0.0

.500 -.468 1.123 S.110 n.0 -.471 1.125 -5.290 0.0

.550 -.408 1.089 6.551 0.0 -. 384 1.076 -6.761 0.0

.600 -.166 .960 7.640 0.0 -.163 .958 -7.808 0.0

.650 -. 124 .938 5.882 0.0 -.119 .936 -5.233 0.0

.700 -.094 .923 2.311 q.0 -.091 .916 -2.40b 0.0

.725 -. 081 .916 2.483 0.f -. 062 .906 -2.406 0.0

.750 -.075 .913 4.106 0.0 029 .860 -6.43b 0.0

.775 -.051 .901 3.64R 0.0 -. 029 .690 -3.30- 0.0

.800 -.028 .889 2.654 0.0 -.011 ,okl -2.502 0.0

.850 .013 .868 1.508 0.0 .022 .864 -10512 0.0

.900 .049 .850 .80? 0.0 .058 .R46 -.802 0.0

.950 .094 .828 .362 0.0 .100 .825 -.286 0.0

TABLE 1.15

RUNNO 40907

M 8 v077 FI.-300 AILRHA* Q
POO 10425 0ELTAw *15
REu 2o43E6 Ke .039 .00 1.13
Q a 3403o23

RE IN RE IN !

KCW 10166 -0# n :7| 0404 X5: 1370;-3 0MOO ,866 '-0.063 IW o36 o0101 X?- 0,3051-3 aI

X/C CPs No UPe .cP* CPO We 000
Rf IN M40Q ARO RE IN MOD APO

.010 0040 .851 .071 90.824 .82? -65 .127 *0s -0,6 vill Ms 95
050 -0.130 .942 00 5 -0.425 0426 -a0 -o009i .926 -0, 13 :619 #6S! 101

.100 -O.195 *976 .1 7 -0.:64 .419 -76 'o IS| .95? -o.4 o .1 0 0
*20G Uo.263 1.011 :216 :0:516 .556 -68 "09241 1.004 "0*360 174i 839 117
*300 -0.334 1,050 OSSS -077 .855 o -65 "0308 1,040 -0.522 21 :9?3 122
9400 -09406 10089 .521 -0.032 .981 -S 0.346 1.083 -0,95 wll 3.135 128
.4SO -0.450 1.114 .6s5 0OS? 1.000 -53 "g,426 1.105 :0.965 .93i 1.345 136
.So0 -0.476 1:129 1:210 -1.040 1596 041 -09364 1.071 -5728 3.401 6.161 149
5 50 0,3A1 1.059 7,760 "5.047 9.257 -33 -0201 1,031 "7053 4.112 @1?? 192
.600 -0.262 1:011 7,810 -3.794 0.683 -26 -0.1Ti 0 971 "4.027 9012 4,0298 179
,650 -0.154 ,955 3.011 :19 3.076 3 "9,11* Y3 -2,142 -00792 2.283 200

, .700 -0.100 .927 2.2t5 .567 2,335 14 "-0e 1 .915 -2.433 "0,657 2.520 1S5
shS -0.002 0417 2:560 .*00 2.021 13 "$106 .905 -2.7i6 -0:90 6 131 1t
,?SO -0.046 .90 4.111 1.172 56029 13. .031 .061 "5,51 , 965 SO3 170
075 ? ,o.063 .900 4.125 19 0 4:246 14 -6:000 :064 "30 008 6 3.6] 3,930 lit
.600 -0.035 :694 3,046 *47 111 17 .003 .70 -1,94 -1,,& 92
.,5 0 .007 .072 1.0 .,,3 .i ao .,14 .I .1.70 -,.3 ii .-
.0oo 040 6o 1 063 444 93 1 : 1 :44 "Is "'4 16142 I9
.9SO '0 6 am. 4 60 31 6 h My o, .4uoin , 10?

Ii

i t

, L
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TABLE I. 16

RUNNO 40007

N u .879 F8 120.0 ALPHAR 0PO= 10474 DELTAw 01
RER 2.44E6 Ka *234 C= 1.08
0.= 3426.23

RE it., RE IMKCM .579 -0.479 RCa .3998 .0592
MCR .757 -0.327 OC .0552 .0148

UPPERSIDE 
LOWERSICEX/C CP+ M+ DCP+ DCP+ CP. U. DCP- DCP-RE 1 1G ..RG RE I* i OG ARG*010 .052 .852 -o.375 *422 .564 -229 .118 .02 .393 -'.6441 .591 312.050 -0.129 .945 -0.146 *213 .258 -236 -u.096 .928 .270 -0.30b .416 311.100 -0.194 .979 -0.176 .213 .276 -23c "0,152 .958 .284 -i.312 .421 3126,200 -0.262 1.015 -0.216 ,192 ,289 -222 -0.243 1.006 .415 -,.312 .519 323.300 -0.33o 1.051 -0.336 *231 .4n8 -214 -,.311 1*642 .683 -3.228 .72o 342.400 -0o406 1.093 -0.669 0187 .695 -196 -0.385 1.,t83 .858 -0.087 #062 354.450 -0.445 1.115 -0.795 ,078 .799 -186 -).424 1.104 1.211 .33, 1.255 15;SOO -0.467 1.128 -1.389 -0.752 1.579 -152 "u,363 1.071 1.179 4#753 5.718 56.550 -0.3&6 1.065 -3.250 -6.962 7.683 -115. -L.292 1*032 .577 7.526 7.55o 86.600 -0.244 1.005 1.#24 -7.095 7.200 -80 -o.193 .979 -3.824 4.949 6.254 128;65O -0,148 .955 4.090 -2.598 4.846 -32 -0.110 .94. -4.577 1.605 4.850 161.700 -0.163 .931 4.239 -0.825 4.318 -11 -0.073 .917 -4.569 .48o 4.594 174*725-0.053 .921 4.625 -0.489 4.651 -6 -0.054 .907 -4.564 .271 4.572 177.790 -0 025 .891 8.368 -0.211 8.371 -1 .038 .86n -7.141 .059 7.141 18O* .?5 -00 4 .911 5:768 -0o05 5.768 -G "0,013 .886 :5,277 -0:203 5.281 182;860 -0.037 .898 4.482 .472 4.506 6 -0.000 ,880 -4.239 -0.463 4.264 186,iiO .005 .876 2.628 .571 20690 12 .026 .866 -2.490 -0.631 2.569 194.910 .045 .856 1.391 .496 1.477 20 .060 .849 -194 8o -0.626 1.607 203950 .092 .832 ,534 .269 .598 27 .,uL .829 -0.657 -0.398 .768 211

TABL 1.17

M 4 .960 = ALPHA a 0.00 KCm .07
OVLTA a 0.00 MC.-.163

C 1 .5 NC. _0219

UJuPEPS TME Lut R$1IE
xcC * . 0 CP C - N- Dc

.00 Ff E tm IN
.010 .i ,A61 .03R 4.0 .P17 .N3Y -.152 0.0O-.OOY . h t 0 000 0.0 023 -. 1 0.0.100 -6:0J'4 .98? -.034 0).0 -032 .06 -. 2114 d 0.20O -,171 1.06P -.019 n.o -. 127 1.033 -0I) 0.0.300 -.2l9 1.089 -.057 0.0 -. Irg 1.Oiv .- 111 4 .u.600O -*305 1.14? ".051 1. -t0 1.1,k1 -4133 Oo.6t50 -.34a |,160 -.03A 0.n o1 10146 -13.500 -,381 1.191 -.076 0.0 - 2do9 -.152 0.0.5bO -.. O 2.207 -,051 0.0 -.407 1.20o -. 133 O.o.600 -.621 1.?1A -. 05? 0.0 -. 425 1.220 -.133 0.0
.700 " 6 .235 0-.03A 6. -.439 1.23? -. 252 0.0
.7 5 -. 7 ? 1.252 3 09 4 0.0 ".4 50, .23 ? - . IS? 0.'j
.800 -.463 2.246 ?.C,40 .o -.4.2 1.213 -3.18N Ou.850 -.212 1.084 .01 0.0 -.IY4 1.1o6 2.001 0.0-.020 003 .67 qrss 0.0 -Oi .94) .802 0.0
.950 ,070 ,Q21 1.144 0.0 .0 3 .40 . 0 0.0

'1-
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TABLE 1.18

RUNNO 40911

M " .966 Pu 30.0 ALPHAx 0
POs 10472 -DELTA, .18
RE- 2,53E6 Ka .054 CA 1.03
G a 375958

RE Im RE IN
KCU ,173 ,083 R- ,0 .0 :Q932
MC- *1,8 *108 N *0104 .0203

UPPERSIDE LOWERso;D
X/C CP. N. DCP* DcP* Cp. m C DOS

RE IN MOD ARG RE IN g AR6

.010 .171 .870 .016 #0004 .029 -56 .229 .838 -0.034 .$3 .011 is
.4 09 tl 8 bit 99 - ; :0 ? to3 349

• So -0.013 .973 .004 -.. 9 ,039 -78 .9,9 "o,0?T ,e. ,019 ,5
.100 -0.061 1.001 .003 -0.014 .014 -79 90 §88 0 is ,oil 15?

.00 -0.125 1.039 "0.020 .005 .021 -195 -0.135 1.046 -0.014 -0.005 0 5 ?g0

*30o -0.236 1.106 .003 -O.0OS .006 -59 -0.926 1.102 0.010 .@i1 .00 I14
.4oo -0.313 1.155 ,013 -0,019 ,023 -55 10.305 1.151 -0011 01 OO 32

.450 -0.3S4 1.181 .017 -00024 .029 -54 0 .64 179 -'j&$, .O 604 54

.500 -0.388 1.204 .017 -0.01S .023 -40 -0.376 1.197 -0.025 .028 :03 131

.SSO -0.412 1.220 .025 -o.023 .034 -42 -0.44 1.216 -0.0 0 601 ,00 119

.600 -0.43, 1.232 :023 -0.019 .ao0 -40 -0;422 1.228 -0,036 .019 5021 52

.650 -0.448 1.245 .002 -0.010 *oil -s0 '0.437 1.239 :0033 .03S .01i 33

.700 -0.46o 1.253 .013 -0.023 .027 -61 -0.447 3.245 -009 C0o1 ,5 I

.72S -0.465 1.257 .oas -0.029 .038 -49 -0.452 1.249 -0.066 0005 ,0 III

.750 -0.456 1.250 1.490 -0.185 1.509 7 -0.420 10227 -".93 .0729 2.064 159

.775 -0.488 1.273 4.594 .297 4,604 4 -0.416 1.226 :4474 -e557 4.767 17

*800 -0.476 1.264 _3:829 .419 3-045 6 -0,416 4,2 4517 -062 3.012 Is6

.850 -o.169 1.065 -2 897 1.024 3.072 -199 -0.246 1.14 ,3oo -a.492 2.473

.900 -0.012 .973 ,833 ,9o3 1.154 4 -o)21 ,1980 A69 -.-976 :o 110

.950 .0S7 0934 1.361 ,009 1030 0 f03 ,031 1 ,1 .n 0160 .

NACA 6AA006 AIRF04L
am. 0 J m" 0

. UPPER SURFACE
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DATA SET 2

NACA 64A010 (NASA AMES MODEL) OSCILLATORY PITCHING

by

Sanford S. Davis, NASA Ames

INTRODUCTION AND DISCUSSION

The test program on the oscillating NACA 64A0O10 airfoil was designed to expand the existing unsteady
aerodynamic test envelope to a higher Reynolds number and more diverse flow conditions. The data base
for this airfoil, as reported in Ref. 2.1, contains 114 different combinations of Mach number, Reynolds
number, mean angle of attack, oscillation frequency, and motion mode. A subset of 66 runs corresponds to
the motion of pitching about a nominal axis at 0.25c. The purpose of this Data Set is to present the
matrix of test conditions corresponding to these 66 runs, to tabulate numerical data belonging to the
ten AGARD CT Cases supplemented by a shock-stall case (SSC) of special interest, and to present an over-
view of certain parametric variations of the data. The data should be useful in ascertaining the perfor-
mance of those numerical codes that predict unsteady transonic flows with shock-wave boundary-layer
interactions.

Each combination of motion mode and the five input parameters M, am, Re, a., and k are identified

with a unique number - the dynamic index (DI). The output was the measured instantaneous chordwise

pressure distribution on the airfoil. These data were digitized and processed on-line (Ref. 2.2) into
a form that was suitable for interpretation and analysis. Subsequent off-line processing converted the
data into the conventional normalized quantities presented in this Data Set. The notation generally
follows that advocated as the AGARD standard. The nomenclature used here and an explanation of the
table headings are included in Section 12 of this Data Set.

The following processed data are included for each of the AGARD CT Cases:

A. Steady upper and lower surface p.ressure distributions.

B. Fundamental frequency upper and lower surface pressure distributions.

C. Steady lift and moment coefficients.

D. Fundamental frequency lift and moment coefficients.

The following detailed data are presented fir AGARD CT Case 6 only:

E. Instantaneous upper surface pressure distribution,

F. Instantaneous lift and moment coefficients.

Some of thp data hove been presented and/or discussed in previous publications. Items A, B, C, and
D were include in the tabulatod and graphical data of Ref. 2.1. The data ware compared among themselves
and with theory in Rofe. 2.3 to 2.6.

Toble 2.1 pwe ents a complete lint of the entir, to3t program in chronological order. Table 2.2
shows the subset of 66 014 cowidered il thin Data Set. 4 small subset of 10 D l's, designeted in
Ref. 2.7 as AAD CT Caes and te extra shok-(4tll case (SSC), are. Identified in Table 2.3 along with
the relevant flow parameters. A sketch of th-osLillating airfoil teat apparatus is shown in Fig. 2.1.
Tht experimental arrangamnt is described in detail in Raft. 2.1 and 2.8.

Tablated data for the AWDP CIT Capes and thq SSC are eeroed ie in varying detail in Tables 2.4 to
2.10. labla 2.4 hows tJe steady values and the fundamental frequency complex amplitudes of lift and
moment. (Note that the rtat and imaginary partt of the complex numbers in Table 2.4 are identical to
the single- ard double-priesed quatities in tle tandard.AGARD notation.) Tile mean and fundamental
frequency pressure distributions Ave tabulatcd it% Tables 2.5 to 2.14 ind 2.17. These data are taken
dirPatlV 'rom the ricrofiche records enclosed iv. Ref. 2.1. A more basic data set, representing the in-
stanta onu load on the airfol, lt presented In Table 2.15 fer CT Case 6. Along with these data, t.he
fundAmental frequency comlxnent of the lift and mwient is included for comparison and reference. The West

'detailed data set, from which all .h4 prvvloti, data were derived, is the instantaneous pressure distribu-
tion. These date are presented in Table 2.16 in the form of chordwise pressure distributions at 6
phase inttr nts for (I Case 6. The -value of phase shown at the head of each column may be correlated
with thc nndjaimnsioual tite, or the load, by croos-chacking with Table 2.15.

with thes% AARD CT data, one should be able to verify in detail the predictive capability of all
.ihviacid txides and those vlsous cees that include mild ehoch-vave/bounlar-layer interactions. ti

hPor. 2. o VT CasR 6 was thoroughly atalysed and, being selected for priority analysis in Rf. 2.7, should
t sbe the fitrat t nic case to compute.

S of the firat harmLnc data were investigated for parametric tsndn. Tho data are presented
In graphical form in Pigs. 2.2 to 2 5. Pig. 2.2 shows the effect of varying Mach number with other
parameters held cnstant. As the steady shock wave develops (uppermost row), tho unsteady pressure dis-
tribution evolves into the peaked distribution usually associated with transonic Clow. Although the

* unsteady preasurr drops at N - O.4, coiarod to N 0.O. one should not ctnsider this to be a typical
* response with, inreairtg velocity in the transonic speed range. The data in Fig. 2.2 are presented at a 4

redtuad treqawy I- 0.2, which is high eough to reduce the shock motion considerably. The interaction

roduiil freauqay k- 02. wichis hgh 0 9

J
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between frequency and shock strength may be such that this dramatic drop in peak loading would not
occur at lower values of k. *.-fortunately, data at other frequencies were not measured at M = 0.84 so
cross-trends cannot be determined experimentally.

Figure 2.3 shows the effect of varying the oscillation amplitude with other parameters held constant.
Following the conventional iiotation, the pressure data (output) is normalized by the oscillation amplitude
(input) to indicate the linearity of the response. Data presented in Ref. 2.4 showed that the force coef-
ficients were linear functions of a , but the individual pressure data do not seem to follow this trend.
The shock-wave excursions, being minimal at lower oscillation amplitudes, induce peaked unsteady pressure
distributions. However, at higher oscillation amplitudes the increased shock motion affects a larger por-
tion of the airfoil. The net result is a balance in the loads even though the individual distributions
vary. It is expected that this trend holds at other oscillation frequencies.

Figure 2.4 shows the frequency variation with other parameters held constant. As reported in
Ref. 2.4, the pressure peaks and leading edge loading all decrease with increasing frequency. The trend
is smoothly varying for this transonic flow condition, but this may not hold true for other conditions,
such as shock-induced separation. For further discussions, refer to Refs. 2.3 and 2.5.

Figuze 2.5 shows that scale effect is quite minimal for this flow condition. Sublimation photo-
graphs indicate that transition occurs at the shock wave at Re = 3.3 x 106, while leading edge transition
was observed at Re = 12.6 x 106. Even though the point of transition varies widely, the unsteady pressure
distributions are similar over the entire Reynolds number range. This benign behavior should not be
considered a general rule; airfoil geometry and other mean flow conditions may be important factors (see
Ref. 2.5).

The complete unsteady pressure distribution is shown in Fig. 2.6 for CT Cases 4 and 6. Certain
features are common at both low and high frequencies: pure sinusoidal motion upstream of the shock wave,
severe harmonic distortion at the shock, and minimal response towards the trailing edge region. The dis-
torted wave forms in the shock region are caused by the frequency-dependent shock motion. These pressure
data can be considered typical of that induced by unseparated, transonic flow over an oscillating airfoil.
Although harmonic distortion is evident over part of the airfoil, the forces and moments are almost pure
sinusoids.

ADDENDUM - A SHOCK-STALL CASE (SSC)

The AGARD CT Cases for this configuration refer to mean flows without separation. A more severe
challenge to computational methods is the case where the airfoil j.itches cbout a steady flow condition
that supports a stronger shock wave. Some data from DI 89, a case not included in the AGARD Series but
specified in Table 2.3, is presented for analysis and computational verification.

The fundamental frequency and steady pressure distributions are tabulated in Table 2.17 and the
instantaneous pressure distribution in Table 2.18. Figure 2.7 depicts the complete unsteady pressure
distribution on the upper surface at two frequencies. There is much more harmonic distortion, and the

contrast with Fig. 2.6 is striking. The low frequency data at the shock wave in Fig, 2.7 are 1800 out of
phase when c-mpared with CT Case 4 in Fig. 2.6, and a strong uwsteady reponse perqists to the trA^ling
edge. Unlike the unseparated flows of the CT Cases, these complex flows require full Navier-Stokas
modeling to predict both the steady shock wave position and the subsequent time-depondent motion.

1 AIRFOIL

1.1 Designation mACA 64A010 (NASA Amos Model)

1.2 Type of airfoil Conventi,.aal - Laminar Flow

1.3 Geometry Refer to Rof. 2.8 for theoretical profile

1.4 Design condition
1.5 Additional rark5 .

1.6 References on :iirfoil Ro. 2.8

2 NOVEL GLOMT RY

2.1 chord lsaKsth 0.50 M (19.6. ill.)

2.2 don 1.35 m (53.2 in.)

2.3 Actual model coordinates and Refer to AAW-AR-156 (Rat. 2-.7)
accuracy of mamiuramaa

.t.4 FlApt hilge and gap details Nolte

2.5 Aditional rwArks Model mounted between slitutr plates - a" Fig. 2.1

2.6 References oi model Refs. 2.1, 2.2. wWd 2.9

3 W114) TUNEL

3.1 Designatio NASA Ames 11- X 1l-foot Traaisoniv Wind Tumol

3.2 Type of tunnel Cloued roturn, variable density

3.3 Tost section ditensions 3.35 X 3.35 X 6.7 a (11 X 11 X 22 ft.)

3.4 Type of roof and floor affd *lot

I
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3 WIND TUNNEL (Continued)

3.5 Type of side walls Same as 3.4 j
3.6 Ventilation geometry 1.78 cm (0.7 in.) slots,

24.4 cm (9.63 in.) slats. Open area
ratio - 8% between splitters

3.7 Thickness of side wall boundary layer Very thin due to splitters

3.8 Thickness of boundary layers at -Approx. 7.6 cm (3 in.)
roof and floor

3.9 Method of measuring Mach number Static taps on splitters, see Refs. 2.2 ahd 2.9

3.10 Uniformity of Mach number over test +0.002
section

3.11 Sources of levels of noise or Not investigated
turbulence in empty tunnel

3.12 Tunnel resonances None noted

3.13 Additional remarks

3.14 References on tunnel Ref. 2.2 and 2.9

4 MODEL MOTION

4.1 Mode of applied motion Pitching nominally about 0.25c and 0.50c, also
plunging

4.2 Range of amplitude ±0-2 deg; ±1 cm

4.3 Range of frequency 0-60 Hz

4.4 Method of application Four graphite epoxy push-pull rods with differential
motion of foivard and aft pair', Fig. 2.1

4.5 Purity of applied motion Pure sinusoids.

4.6 Natural frequencies and normal Lowest mode torsion at 60 Hz
modes of model

4.7 Static or dynamic elastic Not measured
distortion during tests

4.8 Additional remarks

5 TEST CtUNDITIONS
5.1 Tunnel height/modl chord ratio 3.35 m/0.50 m - 6.7

5.2 Tunnel width/model chord ratio 1.35 m/0.50 m - 2.7 (between splitter plates)

5.3 Range of Mach number 0.5-0.85

5.4 Range of tunnel total pressure 50 kN/m 2 - 225 kU/m 2 (0.5-2.25 ATM)

5.5 Range of tunnel total temperature 290 K - 320 K

5.6 Rango of model steady, or mean, 0-4 deg.
incidence

5.7 Definition of model incidence Chord lne relative to wind tunnel 4
58 Position of an nition, if free U.mitod t-ansitioi studies were attempted using a

sublimating material. At M - 0.5, a - 0, irregular f * J
patterns were observad without a definitive transi-
tion point. At M a 0,8, c a 0, Re - 12.6 x 106
transit-ion was observed at xic - 0.05. At M - 0.8,
a - 0 , Re - 3.4 x 106 tranuition was observed at
x/: - 0.5 (the shok .ave).

5 .0 Ps iti on and t y p o o f trip , it"

5.10 F or MixedR flow, posixtion of sOlvic Not ;Measured4 " ! "-

boundera in relation to roof "nd
floor

5.11 Flow instabilities during toots --

5.12 Additional romark- *

*1 5.13 Retkrwone describing teats-

6 ASHEXUXW1 An~ OflSHMVI0S
6.1 Sstidy prtsureo tor tht mau eotdions 12]S6.2 Steady prousuret for asall o iges Crom the *eAu~ condition
6.3 QuAsi-stoady prorasurea s~
6.4 UftataadY ptea"U)C4 L
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6 MEASUREMENTS AND OBSERVATIONS (Continued)

6.5 Steady forces for the mean conditions measured directly-

integrated pressures /
6.6 Steady forces for small changes from the mean conditions measured directly -

integrated pressures -

6.7 Quasi-steady forces measured directly -

integrated pressures -

6.8 Unsteady forces measured directly
integrated pressures '

6.9 Measurement of actual motion at points on model /
6.10 Observation or measurement of boundary layer properties ._n

6.11 Visualization of surface flow

6.12 Visualization of shockwave movements

6.13 Additional remarks

7. INSTRUMENTATION

7.1 Steady pressures
7.1.1 Position of orifices spanwise Mid-span, 20 upper, 20 lower; see Table 2.5 for

and chordwise locations

7. 1, 2 Type of measuring system Pneumatic

7.2 Unsteady pressures

7.2.1 Position of orifices spanwise Mid-span, 20 upper, 20 lower, see Table 2.5 for
and chordwise locations

7.2.2 Diameter of orifices 1.02 mm (0.040 in.)

7.2.3 Type of measuring system Strain-gauge-type miniature pressure transducers
installed close to orifice with minimum cavities.

7.2.4 Type of transducers Kulite model XCQL-7A-093.

7.2.5 Principle and accuracy of On-line calibrations. Up to 2% change in static
calibration sensitivity before and after run allowed

7.3 Model motion

7.3.1 Method of measurement Motion of four push-pull rods with LVDT (ractive-
type) transducers. Phase synchronism checked with
wing-mounted accelerometers

7.3.2 Accuracy

7.4 Processing of unsteady measurements

7,4.1 Method of acquiring and Real-time digitization with on-line calibration and
processing measurements diagnostics. Signal averaging over about 100 cycles

to suppress random noise (if present). Variable
sampling time adjusted to yield 60 data points per
cycle,

7.4.2 Type of analysis On-line processing for frequency content of pressure
distributions and comparisons with linear theory
and other data.

7.4.3 Unsteady pressure quantities Signal-averaged (essentially instantaneous) pros-
obtained and accuracies surd distributions. larmonic analysis of pressure
achieved distributions.

7.4.4 Method of integration to Numerical quadratures (see Appendix A of Ref. 2.1)
obtain forces

7.5 Additional remarka

7.6 nteforoweas ots tecuiques Hof. 2.2

DATA PRES.NTMA ION
8.1 Test cases for which data could be Tabloes 2.1 and 2.2

made available

8.2 Tot cass for which data are Table 2.3included In this document

8.3 Steady p.*sures Tables 2.5 to 2.14 and 2.17

8.4 Quasi-steady or steady perturbation N/A
Pressures

0.5 Unsteady pressures Tables 2.5 to 2.14 and 2.16 to 2.18

8.6 Steady forc" or Mwents Nona

a 4
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8 DATA PRESENTATION (Continued)

8.7 Quasi-steady or steady perturbation N/A
forces

8.8 Unsteady forces and moments Tables 2.4 and 2.15

8.9 Other forms in which data could be Magnetic tape
made available if required

8.10 References giving other presenta- Refs. 2.1 to 2.6
tions of data

9 COMMENTS ON DATA
9.1 Accuracy

9.1.1 Mach number ±0.002

9.1.2 Steady incidence ±0.05 deg.

9.1.3 Reduced frequency ±0.005

9.1.4 Steady pressure coefficients 1%

9.1.5 Steady pressure derivatives N/A

9.1.6 Unsteady pressure coefficients 2%

9.2 Sensitivity to small changes of No evidence of undt sensitivity, see Figs. 2.2
parameter to 2.5

9.3 Spanwise variations Probably small

9.4 Nonlinearities Depends on data set

9.5 Influence of tunnel total pressure Minimal on model distortion

9.6 Wall interference corrections No corrections made

9.7 Other relevant tests on 8cge modeZ None

9.8 Relevant tests on other models of None
nominally the sane aerofoil.

9.9 Any remarks relevant to comparison Ref. 2.4. 2.6
bet-seen experiment and theory

9.1I0 Additional remarks

9.11 References on discussion of data R fa. 2.1 to 2.6

10 PERSONAL CONTACT FOR FURTHER INFORMAT!ON

Sanford Dav.s, Aerodynamics Division, NASA Apis Rlearvh center, Mofftt Field, CA 94035
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12 NOTATION AND EXPLANATION OF TABLES*

GENERAL NOTATION

C,c chord of airfoil, m

DI dynamic index, data identification number
f,FREQ frequency, Hz
k,K reduced (nondimensional) frequency, 2V

M free-stream Mach number

Re,RE Reynolds number (based on chord)

t time, s

V free-stream velocity, m/s
X,x distance along airfoil, m
x /c pitch axis position relative to leading edge
a

a (t) Instantaneous incidence, deg( m + a cos Wt)
am 0

a mean incidence, deg

a oscillatory pitch amplitude, deg

W radian frequency, rad/s (=21rf)

TABLE 2.4

CL steady lift, +ve up Cc I
CM steady moment, +ve nose up about 0.25c [c

CM m
CL,O normalized complex amplitude of lift'coefficient, +ve up, per radian 1c /a° +ic/0o)]
CH, normalized complex amplitude of moment coefficient, +ve noseup, about 0.25c, per radian

M (O 1/1/0 + ic"1/a]0

TABLES 2.5 to 2.14 and 2.17
ALPHA mean Incidence, deg (a]

PTOT total pressure, N/m2 [pt

PINF static pressure, N/m (P.

QINF d:,,namic pressure, N/m2 q]

CPU(CPL) steady upper (lower) surface pressure coefficient [cpI
CPU,A normalized complex amplitude of upper (lower) surface fundamental frequency pressure coefficient,
(CPL,A) per radian (c/ / + i"/"o

TABLE 2.15

TAU nondimensional time [T - 2Vt/c]

WT phase angle re a(t) (atJ

ALPHA oscillatory incidence (a0 cos at]

CL UP upper surface contribution to o

CL L0 lower surface contribution to c
CL instantaneous lift coefficient [c t)

CLNA instantanoous value of fundamental frequency cmponent of lift coefficient
CM UP upper surface contribution to am
04 L0 lower surface contribution to a

4 instantaneous moment coeffioient, +ro noseup, about 0.25a (cm (t))
CONI instantaneous value of funLamental frequency component of moment coefficient

TABLES 2.16, 2.10

PHASE phase angle ra a(t) [,t]
ALPHA oscillatory incidence (a co0 s (t)}
CP instantaneous pressure coeffioient (a (t)

p

iin

I l Square-bracketed quantities indicate standard AMAiD notation.
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TABLE 2.1. DATA BASE FOR NACA 64A010 AIRFOIL

DI M 'M' Rex1O 6
oiodeg Motion Hz k

1 0.489 0.03 2.51 Plunging 0.35 cm (0.137 in.) 5.0 0.048
2 .489 .01 2.50 Pitching 0.94 deg about xz/c = 0.236 20.8 .200
3 .488 .00 2.50 Pitching .95 deg about x./c = .512 20.8 .200
4 .489 .01 2.31 Plunging 1.01 cm (0.396 in.) 20.8 .200
5 .490 -.01 2.52 Pitching .96 deg about x/c = .507 26.0 .249
6 .490 -.01 2.52 Pitching .96 deg about x/c = .238 15.7 .151
7 .490 -.01 2.52 Pitching .96 deg about xU/c = .233 10.4 .100
8 .490 -.01 2.52 Pitching .97 deg about x/c = .230 5.2 .050
9 .490 -.01 2.52 Pitching 1.01 deg about x/c = .224 2.6 .025

10 .490 -.01 2.52 Pitching 1.98 deg about xa/c = .249 5.2 .050
11 .489 .00 2.51 Pitching 1.45 deg about x/c = .250 20.8 .200
12 .802 .00 3.38 Pitching .94 deg about x./c = .232 33.2 .200
13 .802 .00 3.38 Pitching 1.27 deg about xa/c = .431 33.2 .200
14 .797 -.06 3.39 Plunging .89 cm (0.349 in.) 33.1 .201
15 .797 -.06 3.39 Pitching .95 deg about x./c = .234 41.3 .250
16 .795 .01 6.67 Pitching .96 deg about z%/c = .252 33.3 .201
17 .795 .01 6.67 Pitching .98 deg about xa/c = .501 33.3 .201
18 .795 .01 6.67 Plunging .38 cm (0.346 in.) 33.3 .201
19 .795 .01 6.67 Pitching 1.10 deg about xa/c = .505 41.6 .251
20 .497 .04 5.03 Pitching .01 deg about x./c = .046 5.0 .047
21 .497 .04 5.03 Pitching .99 deg about xn/c = .257 21.3 .201
22 .497 .04 5.03 Pitching 1.07 deg about xz/c = .504 21.3 .201
23 .497 .04 5.03 Plunging 1.02 cm (0.400 in.) 21.3 .201
24 1.074 .00 6.58 Plunging .44 cm (0.173 in.) 5.0 .024
25 .497 1.98 5.00 Plunging .00 cm (0.000 in.) 5.0 .047
26 .502 -.22 9.98 Pitching .00 deg about xn/c = .150 5.0 .046
27 .502 -.22 9.98 Pitching .24 deg about x/c = .234 10.8 .100
28 .502 -.22 9.98 Pitching .51 deg about xa/c = .269 10.8 .100
29 .502 -.22 9.98 Pitching 1.02 deg about xa/c = .269 10.8 .100
30 .499 -.21 9.90 Pitching .26 deg about x./c - .277 21.5 .201
31 .499 -.13 9.89 Pitching .50 deg about xE/c = .271 21.5 .200
32 .499 -.13 9.89 Pitching 1.00 deg alout x,/c - .269 21.5 .200
33 .499 -.13 9.89 Pitching 2.01 deg about za/c - .267 21.5 .200
34 .499 -.13 9.89 Pitching 2.13 deg about x0 /c - .503 21.5 .20035 .499 -.13 9.89 Pitching 1.06 deg about xo/c - .506 21.5 .200;

36 .499 -.13 9.89 Plunging 1.01 cm (0.399 in.) 21.5 .200 4
37 .499 -.13 9.89 Pitching 1.00 deg about Xn/c - .252 26.9 .251
38 .499 -.13 9.89 Pitching 1.07 deg about xe/c - .506 26.9 .251
39 .499 -.13 9.89 Pitching 1.00 deg about x/c .250 16.2 .151
40 .499 -.13 9.89 Plunging 1.01 cm (0.396 in.) 16.2 .151
41 .499 -.13 9.89 Plunging 1.02 cm (0.401 in.) 10.8 .101
42 .499 -.13 9.89 Plunging 1.03 cm (0.405 in.) 5.4 .050
43 .499 -.13 9.89 Pitching 1.02 deg about xo/c - .248 5.4 .050
44 .499 -.13 9.89 Pitching 2.04 deg about x./c - .245 10.8 .101
5 .648 -.22 11.63 Pitching .97 dag about x0 /c - .249 27.8 .201

46 .744 -.22 12.31 Pitching 1.01 deg about xa/c w .248 32.0 .201 M
47 .796 -.21 12.56 Pitching .30 deg about xo/c - .202 17.1 .101
48 .796 -.21 12.56 Pitching .25 dog about x/c - .234 34.2 .201
49 .796 -.21 12.56 Pitching .51 dog about x./c - .247 17.1 .101
so .796 -.21 12.56 Pitching .50 deg about va/c ..248 34.2 .201
51 .796 -.21 12.56 Pitching 1.03 dog about xE/c a .249 4.2 .025 *
52 .796 -.21 12.56 Pitching 1.02 dog about x0/c - .246 8.6 .051
53 .796 -.21 12.56 Pitching 1.02 dog about xm/c - .24S 17.2 .101
54 .796 -.21 12.56 Pitching 1.01 deg about x0/c - .254 25.7 .151
55 .796 -.21 12.56 Pitching 1.01 dog about xa/c a .248 34.4 .202
56 .796 -.21 12.56 Pitching 1.02 dog about vn/c - .248 42.0 .247
S7 .796 -.21 12.56 Pitching .99 dog about x./c - .252 51.5 .303
58 .796 -.21 12.56 Pitching 1.08 dog about x,/c m .502 42.9 .252
59 .796 -.21 12.56 Pitching 1.09 dog about xz/c a .500 34.4 .202
60 .796 -.21 12.56 Pitching 1.08 dog about xn/c w .502 17.2 .101
61 .796 -.21 12.56 Pitching 1.09 deg about x/lc - .501 8.6 .051
62 .796 -.21 12.56 Pitching 1.12 dog about zn/c - .499 4.3 .025
63 .797 -.08 12.40 Pitching 1.95 dog about mo/c - .471 34.3 .201 '7
64 .797 -.08 12.40 Pit~hing 1.94 dog about zn/c - .231 34.3 .201
65 .797 -.08 12.40 Pitoiiing 2.00 dog about x./c - .239 17.2 .101
66 .797 -.08 12.40 Pluv ig 1.01 cm (0.396 in.) 34.3 .201
67 .797 -.08 12.40 Plun . g 1.02 ca (0.401 In.) 25.8 .151
68 .797 -.08 12.40 'lunqing 1 '2 cm (0.400 in.) 17.4 .102 j
69 .797 -.08 12.40 xipfgjng 1.0' cm (0.400 in.) 8.6 .050
70 .797 -.08 1.2.40 Plu., kng 1.04 cm (0.409 in.) 4.3 .025
71 .842 .00 12.45 Pitchin9 1.01 dog about xe/c - .246 36.4 .202
72 .842 -.22 12. 3 Pitching 1.01 dog about xz/c - .247 36.5 .202
73 .805 -.00 3 .a Vitctng 1.01 dog abOut xo/c .247 25.1 .149
74 .805 -.00 3.34 P..z Lug .44 cm (0.173 in.) 5.0 .030
75 .005 -.00 3.34 /',tching 1.02 deg about x./c - .248 8.3 .049

.
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m TABLE 2.1. Continued.

DI M a Rex1O-6  Motion Hz k
deg Hz

76 0.805 0.00 3.34 Pitching 2.03 deg about xa/c = 0.248 8.3 0.049
77 .805 .00 3.34 Pitching 2.00 deg about x./c = .248 33.3 .198
78 .794 .08 12.40 Pitching .64 deg about xa/c = .328 10.0 .059
79 .782 4.00 12.01 Pitching .25 deg about x./c = .232 17.3 .102
80 .782 4.00 12.01 Pitching .25 deg about xc/c = .229 34.7 .205
81 .782 4.00 12.01 Pitching .51 deg about %n/c = .244 17.4 .103
82 .792 3.93 6.15 Pitching 1.01 deg about xQ/c = .247 34.3 .203
83 .793 4.01 6.18 Pitching 1.02 deg about xz/c = .248 34.2 .202
84 .789 4.00 11.88 Pitching .51 deg about x,/c = .234 34.9 .203
85 .789 4.00 11.88 Pitching 1.04 deg about xn/c = .246 4.4 .026
86 .789 4.00 11.88 Pitching 1.03 deg about xCjc = .246 8.8 .051
87 .789 4.00 11.88 Pitching 1.02 deg about xe/c = .248 17.5 .102
88 .789 4.00 11.88 Pitching 1.01 deg about xa/c = .247 26.3 .153
89 .789 4.00 11.88 Pitching 1.01 deg about xa/c = .249 35.1 .204
90 .789 4.00 11.88 Pitching 1.01 deg about x./c = .248 43.9 .255
91 .789 4.00 11.88 Pitching 1.00 deg about xa/c - .248 52.7 .306
92 .789 4.00 11.88 Pitching 1.08 deg about xa/c = .499 35.2 .205
93 .789 4.00 11.88 Plunging .84 cm (0.330 in.) 35.2 .205
94 .789 4.00 11.88 Pitching 1.08 deg about x/c - .501 44.0 .256
95 .789 4.00 11.88 Pitching 2.00 deg about x,/c - .245 17.6 .102
96 .741 4.03 11.22 Pitching 1.02 deg about x,/c - .246 35.2 .215
97 .642 3.99 10.60 Pitching 1.01 deg about x,/c - .247 28.8 .203
98 .504 4.00 10.20 Pitching 1.02 deg about x,/c = .249 22.2 .199
99 .506 3.99 9.45 Pitching 1.09 deg about xz/c = .499 22.0 .198
100 .506 3.99 9.45 Plunging 1.01 cm (0.397 in.) 22.0 .198
101 .506 3.99 9.45 Pitching 1.09 deg about x,/c - .302 27.5 .247
102 .506 3.99 9.45 Pitching 2.14 deg about Y./c - .502 27.5 .247
103 .790 4.00 11.72 Pitching 2.01 deg about x./c = .243 35.0 .203
104 .503 4.00 4.94 Pitching 1.01 deg about xa/c - .245 21.6 .199
105 .503 4.00 4.94 Pitching 1.09 deg about x0t/c - .499 21.6 .199
106 .503 4.00 4.94 Plunging 1.02 cm (0.401 in.) 21.6 .199
107 .503 4.00 4.94 Pitching 1.08 deg about x€/c = .502 26.9 .248
108 .642 3.78 5.92 Pitching 1.02 deg about Z3 /c - .250 27.6 .203
109 .747 3.89 6.36 Pitching 1.02 deg about x./c - .247 31.0 .197
110 .797 4.01 6.30 Pitching 1.09 deg about x8/c m .500 33.5 .201
111 .797 4.01 6.50 Plunging 1.01 c (0.398 in.) 33.5 .201
112 .797 4.01 6.50 Pitching 1.03 deg about Y./c - .502 42.0 .252
113 .848 3.89 6.59 Pitching 1.01 deg about xa/c - .248 35.5 .201
114 .840 3.79 12.39 Pitching 1.01 deg about zn/c - .248 36.3 .202

TABLE 2.2. DATA BASE FOR NACA 64A010 AZRFOIL, PIT0IIHG OSCILLATION

ABOUT 0.25c NOMINAL, ARRANGED IN FREQUENCY SWEEPS
m ft Roxl0- 00 k,, 0.025 kw 0.05 k-O.10 k- 0.15 k 0.20 k 0.25 k 0.30 Typeof

dog dog Flow

0.50 0.0 10 ±0.25 27 30 '

.50 0.0 10 t0.50 28 31

.50 0.0 2.5 ±i 9 8 7 6 2 bftbsonic

.50 0.0 5 *1 21 t

.50 0.0 10 i1 43 29 39 32 37

.50 0.0 2.5 t2 10 11

.50 0.0 10 k2 44 33

.65 0.0 11.6 ±1 45

.75 0.0 12.3 *1 46

.80 0.0 12.5 ±o.25 48
.80 0.0 12.5 t0.50 78 49 50 "TeanonLc
.80 0.0 6.7 t1 16 .weak shock

0 .80 0.0 12.6 ±1 51 52 53 54 55 6 S7
4 .80 0.0 12.4 t2 65 64

.85 0.0 12.4 ,1 72

.50 4.0 4.9 ti 104 Subni
.50 4.0 10.2 t1 9Sbonic
.65 4.0 5.9 t1 1o
.65 4.0 10.6 t 97
.75 4.0 6.4 *1 109 _- _ '
-,75 -4.0 __I ,... ., 96 - - •

.80 4.0 12 to.25 79 80

.0 4.0 12 ±0.50 61 84

.80 4.0 6.2 13. 82 Transonic
.80 4.0 11.9 11 05 86 87 a8 89 90 91 hok stall
.80 4.0 11.9 f2 95 103
.85 4.0 6.6 t1 -113-

I,

' L ... .... .. ;, . . ..a , ........ .... . .. ... .. .. .. ... .. . i " I:
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TABLE 2.3. SELECTED NASA AMES TEST DATA ASSOCIATED WITH
AGARD CT CASES AND THE SHOCK STALL CASE (SSC)

CT Case DI M a Rex1O
- 6  

ao  f k x /c

1 7 0.490 -0.01 2.52 0.96 10.4 0.100 0.233
2 29 0.502 -0.22 9.98 1.02 10.8 0.100 0.269
3 51 0.796 -0.21 12.56 1.03 4.2 0.025 0.249
4 52 0.796 -0.21 12.56 1.02 8.6 0.051 0.246
5 53 0.796 -0.21 12.56 1.02 17.2 0.101 0.248
6 55 0.796 -(.21 12.56 1.01 34.4 0.202 0.248
7 57 0.796 -0.21 12.56 0.99 51.5 0.303 0.252
8 49 0.796 -0.21 12.56 0.51 12.1 0.101 0.247
9 65 0.797 -0.08 12.40 2.00 17.2 0.101 0.239

10 12 0.802 0.00 3.38 0.94 33.2 0.200 0.232

SSC 89 0.789 4.00 11.88 1.01 35.1 0.204 0.249

TABLE 2.4. STEADY AND FU4DAMENTAL FREQUENCY LIFT AND
MOMENT DATA FOE SELECTED CASES

Ca-e Steady Data
CL CCL, CM,

CT1 7 0.006 -0.002 6.139 - 1.1491 0.165 - 0.1631
CT2 29 0.016 0.001 6.163 - 1.0361 0.167 - 0.2011

CT3 51 -0.029 -0.003 9.316 - 1.3781 0.000 - 0.1021

CT4 52 -0.029 -0.003 8.622 - 2.4791 -0.005 - 0.2321
CT5 53 -0.029 -0.003 6.790 - 3.3871 -0.061 - 0.3881

CT6 55 -0.029 -0.003 4.887 - 2.5211 -0.189 - 0.6531
CT7 57 -0.029 -0.003 4.635 - .9051 -0.374 - 1.0231
CT8 49 -0.029 -0.003 6.795 - 3.4031 -0.195 - 0.3141
CT9 65 -0.018 -0.002 6.141 - 3.1131 -0.239 - 0.3021

CT10 12 0.009 -0.002 5.308 - 2.4711 -0.384 - 0.5461

SSC 89 0.531 0.001 9.349 - U.406i -2.068 + 0.1981

TABLE 2.5. MEAN AND FUNDAMENTAL FREQUENCY PRESSURE DATA
FOR AGARD CT CASE NO. 1: DYNAMIC INDE 7

VI PIML- kACA $4AOtO, tWMA0. SOO I'KIR$

Ov~~k' t C 'DX 7 $jTbTt¢lC Ki I "
tI MO-0 PICWN 96OO MO 3

40 PTOT 604 too
ALA -01 QoW 7 q 10 4:~ a si 06 PIW 4 31 O 

|

.................... ij(6 S U ....................... ...................... oL a uit .................

strADO DATA w tAof DAA 0000O O"A "IAOT€ PAT*

.... CPU ..... ................. CPU A ................. . .€ .. ................. Cf .A ..... ... .........

0307J 10 0"~ .11 72 ots 12 11 0 7 5) n O s -10 44 -46
00 tin 02 .9 409 2 t $,0 14 92 09) tt it M -2 119 It "1 .111 " I i. I I

.,42 .41 .0 .Im I .02 lit37 4t?1t * Ist .40 .11 1 " .1 dI 1 1 $121 22 2.46 on IC It' 11111 244 m 14 sw 1 045 S 7 .0I
948 43 .4 0 P4 # )- 170 l3e a)6)20' W Y49 A t o

so ~ ~ ~ ~ ~ ~ ~ O ) III "A4 d 211" 7 A 1 111 Ao131 .0 1 A 24
oo i6 I an 11 mt

-1' 0.4 ,ls 1 " is it li l 1". 3 .SN 1

"3 0,6,,, IJ 2 " 117 30 Ot $41111 4 160 04
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TABLE 2.*6.* MEAN AND FUNDAMENTAL FREQUENCY PRESSURE DATA
FOR AGARD CT CASE NO. 2; DYNAMIC INDEX 29

ING MDL. 14ACA 648010, CHORD-' 500 1IETEAS4

WING MOTION PITCHING 1 02 DEG ABOUJT X/C. 269

DYN4AMIC INDEX 29 STATIC INDEX 24

I .502 PTOT 203152 K 100
ALPHA - 22 Q17 30199 FRED 10 8
RE I100507 PINF 17100

............ UPPER SUR1FACE....................... ....................... 01OWR SURFVACE.....................

STEADY DATA UN~STEADY DATA STEADY DATA UN4STEADY DATA

.... CPU.........................CRI.A ......................- CPL..........................CPL.A ...............
9/C CPU X/C REAL IlIAG 118 PHASE 9/C CPI. 9/C REAL IMAG NAG0 PHASE

030 - 138 033 -10 118 2.059 ID 459 165 29 032 034 034 It Dill -2 959 11-410 .15 03
091 -. 177 052 -7 608 1 994 7 885 165 33 093 142 .054 9 351 -2 298 9 829 -13 so

. 142 -. 223 091 -6 377 I 434 6 536 Ila7 34 .142 227 094 6 781 -1.585 8 964 -13 16
211 -_253 .140 -6 231 I l8i 5 362 67 28 .199 -. 246 .141 5 469 -1 172 S $93 -12 10
.243 - 265 .209 -4.389 .791 4 440 169 75 .244 - 289 .200 4.541 -. 837 A 617 -10 45 '

.292 ..287 .243 -4 026 679 4 083 1704A4 .293 -296 .243 4 075 -.692 4 133 -9 65

.341 -334 .294 -3 810 576 3 b53 Ili At 341 -285 .293 3.117 - .500 3.216 -8 94

.399 .30 402 -3 165 .364 3.101, 173 45 .393 -294 .341 3.099 -. 397 3 123 -7 11

.440 -300 440 -23113 .226 2395 174 60 440 *306 .394 2.647 - 275 2 662 -5 94
487 -284 480 -2020 109 2 023 176 93 490 -276 441 2 367 -164 2 393 .3 94

.537 -220 530 -1 723 023 I 723 179 25 537 -. 223 .490 a 014 *060 2.015 -2 29

.585 -190 .584 -1I 38S 027 1 385 -179 90 583 - 163 582 1 434 .033 1 434 1 32
834 -137 .033 -I 186 077 1 190 -176 32 625 -. 148 .6311 1 203 062 1.204 2 9
6132 -. 114 682 -. 977 -. 108 W63 -173 72 .679 -. 111 .676 979 .112 IN8 6 so
733 -081 733 - 814 -137 .82S -170 48 734 067 .733 .759 fit .769 9 09
827 016 7811 613 * 160 634 -165 39 7"9 O* lei76 .597 12? .611 it 9
874 05" 6a9n 562 -. 170 587 -163 IS 632 010 .631 410 .129 .430 17 37

-924 091 672 333 - 146 365 -156 06 6O6 .07) US .316 110 .33S 19 I5
.941 -. 097 . 110 .147 -131 23 941 121 923 .176 .087 .199 25.96

TABLE 2.7. MEAN AND FUNDAMENTAL FREQUENCY PRESSURE DATA
FOR AGARD, CT CASE NO. 3; DYNAMIC INDEX 51

YING MOM5~. XCA 64A010. COIRD S00 MEYERS

'dING NOTION 101704141 I 03 0EG ASOU? 8VCs 249

DYNAM4IC I?49 51 STATIC INDE )0

NI m9 PlO? 203321 9 025
ALFHIA -21 0114 Sim1 Pmo 4 2

RE m 07 P114 133012

............ ... S*ACC ....................... ....................... Lk I4MAct.....................

STCAOV DATA 1J6I640? DATA StCA~v DATA UIOADY DATA

.... CPU-------------- J..... ................. CPU A ............. ...c ... ................. tpL.A .................
Vic CpU 8/c FIA4L 1114 PAC ft4U tic COI. "~c OAL ImoA lUG AW#.Z
030 -066 03-104&so 1 110 to0st Is 192 053 -20? 034 12 103 423"9 12 V% t,

.091 it 193 052 -9 1 1 To0 99100 170 03 093 It 79 04 10 311 -I NO 801,40 I1a j4 .
142 m 9 091 -g 524 I 49 S 0)3 Ito I? 142 *316 094 6624 .1 607 6o oil -10 32
211 - 379 140 -1 Soo I 433 1' 714 Its 31 199" 2 141 a 096 - lo 0 27 -to V

241 416 20 .4 ill I 92 4 11111 Io09 244 -4%1 M0 I 405 -, 31 7 631 -10 4o
29 44" 243 -6 912 1 229 ? 020 III oi 9) 261 W 60 "C 9 3 -I 113 6 "91 -'0 03
341 .54 m9 .4 732 124? 64 4509I 341 -3 293 926 m 99 8)4 "I Iu 106

&9a.3 4 0 an0 I44 w 6327 o 0 03 1104 23 49 341 63 .1149 444 .19 2?
40 *7) 440 .9 117 1 47? 661412 110 40 440 112I 394 6 114 .1 it? 1 714 -to0 22

4 Al -194 do -142 t 2121 4of lt61 sea6 160 -77 490 1)1 l 4at 13"19 25 -9
so? .2 VA0 I5 l) ais# .117735 63? -334 64 "91 332 "a 22to

to of 594 11911 -61 11in39 30~ 43 ms 6.34 282 d0o 103 126.
fu7 toll 13)St .09 13 425 .1" 111m *6 1"1 1 01 .13 0

41 IV3 13) .064 29 M8 -18M N 7 11111 131 731 N23 213 "91 in04

P3) -061 791 029 -27 229 -6240 734 -010 lt .171 2011 27) 1304 at~
6w? 041 929 Co9t -10 2n9 ($ 1 7M 086 11111 3WS 1" 369 1529
674 m9 $12 to6o 144 190 -53 0) 932 043 so9 212 I'6i lot ill 29
924 Ito $41 OAS Ow 06 .4041 666 113 9al .14k 062 4 I U s

1701
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TABLE 2.8. MEAN AND FUNDAMENTAL FREQUENCY PRESSURE DATA
FOR AGARD CT CASE NO. 4; DYNAMIC INDEX 52

WING MODEL NACA 64A010. CHORD- 500 METERS

WING MOTION PIICHING I 02 DEG A80UT X/C. 246

DYNAMIC INCX 52 STATIC INDEX 30

7 67% PTOT 23321 K 051

ALPHA . 21 Ilw 59395 FPEQ 8 6

IE I 30E 07 PII# 133912

....................... UPPR S1RACE ....................... ....................... LOWER WI.ACE ....................

STEADY DATA UNSTEADT DATA STEADY DATA UNSTEADY DATA

.... CPU ..... ................. CPU.A .................. .... CP'....... ................. CPL.A .................
X/c CPU X/C REAL IIAG HAG PHASE X/C CPI. X/C REAL IAG MAG PHASE
030 0N6 033 .9 518 3 334 10 086 160 71 053 207 034 10 9" -3 944 11 685 .19 73
091 193 .052 *8 58P 2 979 9 091 160 8 093 175 054 9 256 -3 101 9 8 -19 57
.142 292 091 -7 723 2 634 8 160 161 18 14 316 .094 7 994 -2 835 8 48t -19 53
211 378 140 -6 821 2 449 7 247 I6O 2. 19 320 141 7 267 -2 615 7 723 -19 79

.243 418 209 -6 32 2 094 6 400 161 16 .244 457 200 6 540 -2 340 6 946 *19 69
292 481 243 -6 2802 2 192 6 654 160 79 293 S0 243 5 766 .1 987 6 099 -0' 01

.341 544 294 -6 270 2 245 6 860 160 31 341 536 .293 4 ft8 -1 754 5 117 -20 04

.399 635 402 -7 275 2 494 7 690 lt 09 .393 629 341 5825 2 031 6 169 .19 22
440 703 440 '7 936 2648 6 36 161 56 440 7!3 .394 5 636 .1 966 13 972 .19 24
AC7 594 40 -13 828 3 754 14 3" t64 82 490 777 490 13 36 -3652 13 874 -IS 26
.537 322 .530 -2 389 - 208 2 6 -175 03 S37 334 582 675 591 697 4t 19
58S 258 584 86 -I 073 I 376 -51 30 63 255 $31 272 746 794 110 07
634 -81 633 153 .n717 733 -7797 6 t19 .678 38 611 717.1 it835

2 132 733 - Ilt , 473 46 -1O3 25 679 137 .733 225 .14 S61 113 70
733 061 .751 -009 •398 398 .91 26 734 070 781 .1e 390 424 113 31
827 041 629 033 .376 377 -04 " 769 '008 631 275 363 45S 1 16

874 092 872 063 -264 296 -73 1 832 043 se -206 244 319 130 2
924 141 941 031 117I 121 -71 09 866 11) 923 1 47 i30 196 136 40

S41 170

TABLE 2.9. MEAN AND FUNDAMENTAL FREQUENCY PRESSURE DATA
FOR AGAI CT CASE NO. 51 DYNAMIC INDEX 53

wc, 14L ACA 644,010. Cov. SOO l1i5

VI. 1TIP70.. PITCMING 1 02DE G 0 A2 t. li 246

0D4AIC INDI 53 StATIC INCE 30

S 7 O Pot 203121 it 101
AL..A .21 0114 k.9W FSK 17 2
14 k 3m O PIr 133912

............. (R ....................... ........................ t 5, 6 .......................

CK) ..... ................. CM A............... .. .... ........ .............. -.. ......... .
mi 0P 4 0101, 11141 1 4 P441 " iE v C01. Itst ck I PAC PAC om444

030 -06@ 03 r .014 a 4 9%)2 145 9 0532 -V 07 0) 9IV .9 1" to7 .704 9 "
091 .1" m 0578 1111 4,114 2 1)4 ids.45 093 Its 0%5 6I 4 999 944 041 .34 "
t41 M 091 ?* 1 5 ol) 997 4 142 .39t 0 s4 99 41 .4 12 0a 2 .24 TS
111 . 379 140 .9S 091 3 141 9 too 14) 0 It$ 11V 141 t .-) 1 794 49.7 - 214984
41 it$ m6 .42 , I9 l I 9.il t 145 so :44 651, NO % 34? -2f4 I ml -3 .

29) all1 24) .4 24 352 " 1i -I' 11 29) SO 1) a0 s9 4 .1 4) S9. .14 72
341 .644 m2 4 .465 3 30, 5702 144694 .14 .2 391 3 1"1 .9 4 &40) .)%9. U

6.38 .39 402-.54Al 369.2 G5U4 148 31 $4.89 34' 4 44 .2 94) Up44 -323
04 po) '40 .94 l 39i) 72ft ,lay 6 ti7 1 34 a in -. ) 90 so.) 24

ud 4am .99 .12080 6S12 13 gg% 19171 480 too 7 480 Ao11 41 .4 401 12 44 .261

4!
9.77 721 sis -1 901 638 209 ws 14 -fi7 *9$3 34 9.6 461 197 )m 14i 70.9

tWA 4 M 4 6 .'190w I w .I 0 1111 I2 931 Is$ 1404 14 A] oil
934 0)) go)) .1 ift7 Ilot '" 1) 629 IV$6 $to 20 ID INI1 19 911"
492 93 '1)2.210, $86) 9 t" ~ -to 11 9 oi $%1 1))-90 Is* lot ? "929

?2) 06v pot .00 .4 oft 34 124 '01 Poo III 79 Pal T --

974 092 912 ON AS 456 49 9 1 00 10312 042 1"9 - 04 47 A li It2

ON4 16 941 lit9. . 07 479 -I" 111 61. 41 274 311 its1 I?

oil

- I, ,., :,v i
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TABLE 2.10. MEAN AND PUNDAMENTAL FREQUENCY PRESSURE DATA
FOR AGARD CT CASE NO. 6; DYNAMIC INDEX 55

WING MD ,. MACA 64A00. CO 500 METERS

WING MOTION. P3TCxrhC 1 03 DEG AM03T X/C. 248

014AMIC I3NX 55 STATIC INDEX 30

34 796 PTOT 203321 K 202
ALPHA - 2 Qw 59395 FRED 3A 4

I 3DE 07 P3lW 133912

....................... UPOE SUWFACE ....................... ....................... L04R S3A E .......................

STEADY DATA UNSTEADY DATA STEADY DATA UNSTEADY DATA

...-. ........ ................. C A.......................c............................ CPLA .................
;/C CR3 X/ RAL MAR MAA G PIIASE x/C CR. /C REAL IMAG AAG PRASE
030 006 033 .4 346 4 572 6 308 !33 56 053 207 034 4 663 -5 637 ? 23S .4q X
091 3 052 .3 397 4 217 5 810 133 e 093 175 054 3 979 -4 675 6 139 .49 60
142 292 .091 -3 469 3 557 4 969 134 29 142 316 094 3 497 -4 034 5 339 -49)9
23I1 378 140 -3 036 3 205 4 41S 133 46 1 320 .141 3 236 -3 767 4 966 -49 34
247 418 209 -2 880 974 4 14o 134 09 244 457 200 2 666 -2 792 3 061 .46 3)
292 451 243 -3 023 3 176 4 1"5 133 S0 293 500 243 3 075 o3 495 4 648 -48 5
341 -44 294 -3 002 3 079 4 300 134 34t 536 29) 2 362 -2 726 3 607 -49130
39 635 402 -4 03 3 72) 5524 13 64 393 n 341 3 173 -3 084 A44 .44 19
440 703 440 -4 98 4 046 4423 14096 .4Q -13 394 3 2310 -2 902 4 381 -42 89
487 -94 488 -11 922 4 745 Q2 832 15 31 490 ?77 .490 I 82 -3 337 12 287 -15 76
537 322 538 .3 572 -2 3 27 34 -211 03 537 33A 532 616 2 69: 2 76 77 12
535 -8 584 128 -* 0 2 803 . it 53 -455 5 3 007 2 460 2 440 689 -5
634 lot 833 20 -2 064 2 6 93 32 625 19 678 -like 2 2 a 097 94 60
6. -34 733 - 052 -1 338 t 1,0 -92 22 679 37 .731 - 1 391 3 s 50 97 95
733 -C6! 783 066 -I Q0 3 204 -865 734 -070- 783 1 73 1 3'6 1 327 l9742
827 043 829 363 -3 08 3 097 -83 55 7010 N00 83113 - Ill 3 33 1 57 309 to
674 092 872 154 114 )l 17 8 532 041 64 - 244 708 749 l09 19
924 343 N4t 007 - 244 281 -55 GA 114 I33 W23 17fl 463 494 339 23

TABLE 3.11. MEAN AND FUNDAMENTAL flEEQUENCY PT3XCSURB DATA
FOR AGAI.D Cr CSE NO. 71 DYNAMIC IN=a 57

WiING 33L kI. 34th6030 030q. 54' '('CS

VI3N4 rJ!'93 P3?8343G "9DE. a9Wj 44C. M9

0W-SAIC 3'~i S? %Yitic I3(43 V

al O! . ! ,

at mop MC? *011111 42

1' tA o etc , W4t 'P 91 KAC. eA ' CA sec PON. Itos PA p04.7a013 - =2 Is" .4 91l 3 4) S 663 471 4) *4 041 ? 04 39ts 3" si 4 It j at
06'% -3) M'34.#01 1 2443 1 w~ 7)I A 0)2 -3n 094 '1633 -199:9 94T9 -442
IQ4 m 01111 -3 3 I 9t6 4 6" '33 11 42 -l C44 Its -2$O As -t 08

.t3 Ps -"1 -14 J1 2 g 340 A~7 kfl,1 tit 4 t t oil .2 at$ 45: 1
4
A0

14 -4 9 of -1 '-3 Of 4 51 1 44 it 61 00 21A .4 .2"40 a 441 44 )
IN1 Ina it -1 . in 3 1al a 9 Ill 55 a9s -w 19 3) 2 1e -2 ) -4 a i -3 .1 I

3.1 %44 A 0 -12') 239 f l 16 4 34d -9)* 19 25 m * 1 -634
99 -7 4 3i II i 391 11 -69 14 * 0 -22&1 4 ?:4 S* 041

m i S-J V - 1) .3304 -3IN7 tr 440 1) 3114 24) .)5 '324 :N -u *1
q S" d 13 1 VA 4 ?1# ON ti .109(4 a ?t 01) to 19% . %0 33402 .. 0041.512 S I 9.3-49 on A l1 - M6 %If '334 U42 a M 4 a to: o sP w

I^9 2w 3)1 m3 -P #fl . o. I .1, All 19) -MA 433 -2) a, l 4 " 91
514 -ttl 73, 245 -2915 3063 -90 11a I"3 1 -9 ).. 3 0

9)7 II3 962 :4 -304 2 . 45 1)a92 t) .405 19 -0 1) 4 -l 2 '0 311 IN932

1)~ .dg g:1 .1; q? 4.4 a44w .41odo 2 PIN al " ,6 "'a0 M 225 12); 3090 D
*)I Ot O2 m - 4 N - M O 343 .1 a") I5 w54 a.7 S4 13u

1
N ; i

o i s 1V
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TABLE 2.12. MEAN AND FUNDAME14TAL FREQUENCZ PRESSURE DATA
FOR AGARD CT CASE NO. 8; DYNAMIC INDEX 49

WING MO L. NACA 64A010. CHORO- 500 METERS

WING MOTION, PITCHING 51 CEG A80UT X/C- 247

DYNAMIC INDEX 49 STATIC INDEX 0

M 796 PTOT 203321 K 101

ALPHA - 21 QINF 59395 FR;Q 17.1
RE 1.30E 07 PthF 133912

.................... UPPE R SU FACE - - - - --- - - - - -- - - - - - - -- - - - .... ....... ..... ....... LOWER SURFA CE ................... ....

STEADY DATA UNSTEAOY DATA STEADY DATA UNSTEADY DATA

---- CPU ..... ----------------- CPU.A ...................... CPL ....... ................ CPL.A ..............

X/C CPU X/C REA. IRAG NAG PHASE X/C CPL X/C REAL IAG NAG PHASE

030 -086 .033 -5 969 4 221 7 311 144 75 053 - 207 034 8 689 -5 674 10 377 -33 15

091 - 193 052 -6 089 4 153 7 371 145 71 093 -.175 054 6 979 -4 989 8 578 -35 56

;42 - 292 .091 -5 759 3 944 6 990 t45 60 142 - 316 .094 6 041 -4 167 7 339 -34 60
.211 -378 140 -4 902 3 538 5 04X 144 19 199 -320 .141 5 340 -3 828 6 $571 -35 64

243 - 418 .209 -4 689 3 255 5 708 145 24 244 . . ,7 200 4 130 -2 819 5 0o -34 32

292 -.481 .243 .4 861 3 434 5 943 144 71 293 - 500 .243 5 142 -3 708 6 340 -35 80

341 -.544 .294 -4 535 3 142 5 517 145 30 341 •.534 .293 35.26 -2 S78 4 368 -36 18

.399 - 635 .402 -5 050 3 330 6 049 146 61 .393 - 629 .341 4 290 -2 832 5 141 -33 43

440 -.703 .440 -4 941 3 414 6 006 145 37 440 -.713 .394 4 538 -2 983 5.431 -33.32

.487 - 594 .488 -18 650 10 071 21 195 151 64 .490 -.777 .490 10 913 -4 639 II 858 -23 03

537 - 322 .538 - 803 -1 572 I 765 -II1 06 537 - 334 W2 - 11s I 710 1.714 93 84
.585 258 584 .593 -1 987 2 073 -73 39 583 -.255 .631 -402 1.502 1 555 105 00

.634 -.181 .633 -058 -1.149 1.151 -92.819 .625 -. 198 .678 - 284 1.190 I 2,24 103 42

.682 - 132 .733 - 272 - 752 784 -106 45 .679 - 137 .733 - 194 943 962 101 61

.733 .06 /4 - 114 - 642 652 -100 07 734 -.070 .781 -091 718 724 97 25

.827 .041 .829 -090 •593 599 -90 67 789 - o .031 -267 .680 712 112 08

874 092 .872 -018 -431 432 -92 40 632 .043 888 - 164 .458 .486 109 70

.924 .141 .941 -.018 -.175 176 -95 e6 .8w .113 .923 , 148 .270 30 118 78
.941 .170

TABLE 2.13. MEAN AND FUNDAMENTAL FREQUENCY PRESSURE DATA

FOR AGARD CT CASE NO 9; DYNAMIC INDEX 65

WING MOL. NACA 64A010, C4OFO, 500 METERS

WING MOTION r'7ITC4NIG 2 00 OCG ABOUT X/C. 239

OYNAMIC INDEX 65 STATIC iNX 31

N 797 PTOT 203186 K 101 " .1'
ALPHA - 09 0INF 53423 rqEo 17 2

RE I 24E 07 P17N 133724

....................... UPPR SUIRACE ........................ ...................... L IO.R E .......................

STEADY DATA UNST(AOY JATA $iAO9 CAlA w1itA0 CAMA

... CPU ...... ................. CPU,A ..... - -............ .... CL...... ................. CP.A ....... .........

X/C CPU XCC REAL iMAO NAG NHAM tic EI.. V/C REAL I144 NA0 O PA

030 -099 033 -6 824 41 8 39 a 145 ) 090 021 034 6 5S3 -6 20) 683? -84 4

091 -200 052 -6 62 530 a0or 145 84 OS3 lo 0 4 6724 4 4 II 60 -34 I3

142 -298 091 -S 300 3807Y 63 I5 146 w 142 30 094 5 $1 ,3 141 6792 -33 g9

211 3 3 .140 .4 806 3 234 5 793 146 07 244 -450 14i S 34 -3 $3 1 4 ,5" to
243 -425 209 -4 SS 3 064 5491 f46 10 293 41 no, 4 80 .1 21) 997 .03 0

4292 -.400 243 .4435 3038 5387 14S 67 341 f1t3 243 a5on .290ot 9264 -3261t

341 -551 .294 -3 Q23 2 919 4 Z74 1396 391 -827 293 11 d8 -22al 4 111 -129

399 $683 4U.2 -4 844 3 10.4 5 it? 141 £9 440 -713 341 a "1 -9 64 3 495 -31 47
440 716 440 - 167 3031 5 90 149 62 490 .714 394 4 34 249 48li9 -21 IS5

487 729 48 -0 226 227 9 246 I 111 $2' 3 490 6 026 -2 413 6404 -it 19

537 323 536 -7 65 3 392 5375 141 12 53 4 sea 1 184 225 119 95

515 M4 584 .I 227 - 746 I 439 .146 73 6.5 1*1 461 tt19 416 I on o 49 4)

9. 34 -ISO .633 - 087 -862 96" .95 74 $1$ 1119 674 I60 "I7 "1 74 $1

682 130 733 - 160 930 943 .99 7 134 -071 733 001 an 6 to 1

733 080 781 002 -51 851 .9 7111 006 6 009 11 " .11 0

827 042 82 112 740 746 -8143 332 042 oI 1"3 446 444 104 9

874 092 872 .103 531 41 -19 00 I 111 $913 1 2 all I 1 6lie 9

924 140 941 .088 -224 239 -41632 941 161

• ;-? .. ..b
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TABLE 2.14. MEAN AND FUNDAMENTAL FREQUENCY PRESSURE DATA
FOR AGARD CT CASE .NO.. 10; DYNAMIC INDEX 32

WING MODEL NACA 64A010. COR. 500 MIVERS

WING MOTtON. PITCING 94 DEG ABOUT X/C. 232

DYNAMIC INDEX 22 STATIC INDEX 13

802 PTOT 50763 K 200

ALPHA -0 0 0I2 14953 FP05 33 2
PC 3 40E 06 PINF 33Z412

....................... UPPER SURACE ........................ ....................... LOAP ,2.82ACE ......................

TCA0T OAT% UNSTEAO OAT.. STEOY DATA UNSTEAOT DATA

.... CPU ..... . ....CPU.A................. ...-CK ..... . ............... CPL A.................
'C CPU X/C RE.. IMAG MAG PHASE X/C CPL X/C REAL INAG 2AG PHAS2E

030 :2 033 -3 850 4 490 5 915 130 62 053 186 000 345 • 322 472 -43 03
0'2 169 052 -4 2 2 3 99 5 752 237 06 093 223 034 4 863 -4 966 6 950 -44; 61
r,9i 243 091 -3 825 3 394 5 124 138 42 142 315 054 4 415 -4 477 6 28 .45 40
142 339 140 -3 325 2 834 4 369 139 58 199 350 094 3 797 -3 665 5.277 .43 99
2'1 42- 2C9 -2 930 2 604 4 099 136 56 244 448 141 3 !28 -3 349 4 $85 -43 52
V43 469 243 -3 220 3 12 4 411 134 85 293 503 200 3 291 .2 883 4 375 -41 23
292 522 339 -3 289 2 987 4 370 236 89 341 S51 243 3 365 .2 925 4 459 .41 00

)41 -76 402 -4 394 3 759 5 782 239 46 393 Q 7 243 3 296 -28 83 4 304 -42 06
440 693 440 -5 819 3 66 6 879 t47 78 440 672 341 3 578 -3 096 4 73 -40 87
497 659 488 -6 677 4 318 7 952 147 12 490 873 394 3 837 -2 697 4 $27 -36 56
1017 396 538 -1 290 3 5 8 t 842 162 47 537 399 441 6 05 -.2 916 6 64 -25 86
54 224 SE4 - 470 -2 720 2 760 -99 ,83 244 490 8 838 -3.331 9 445 -20 65
034 - 2 33 055 -2 592 2 593 -8880 625 17 537 12 947 2 0VA8 13209 9 02
682 .115 682 309 -2 120 2 142 -8272 679 124 .582 946 2 606 2 772 70 06
733 053 733 256 -560 : 580 -0 67 734 061 632 459 2 321 2 me t 20
-03 001 781 086 -I 494 497 - W72 789 004 678 449 2 024 2 073 102 u

P27 039 829 02 -1 181 1 184 -88 05 e32 0.43 733 433 2 191 2 268 20 000
8"4 080 872 088 .I 09 2 :33 -85 88 086 106 781 163 2 086 2 0 99 55
92, 136 941 on - 604) $43 -69 05 9'41 160 $31 962 712 1 1 Is 140 AS

us 3" 069 3 269 -9
9.31 219 404 5.31 l14 40

TABLE 2.15. INSTANTANEOUS LIFT AND MOMENT DATA CT CASE NO. 6, DYNAMIC INDEX -55

IA . I .1F2 2.' 1 .1 r1 *.'4 *S 'at r I'' C. f. m 04*.1

I ,. 21*1 .et.} e,l'tI *i . .. . ,A . .4 l~~ ,"2.l ."'~t .l~~ ..i ., 2

2 - 2t. )l*
9

t2 .'. .. it*4 4, ,i%. .'.2q ,.*'5'1 € ll ' .I *l2Q . 22 '|t '2

'.2 t'. '- ,4. .,..j~j ,-'..1 *'.4 2 , ~~ .,i1 . ,2 ,.)'e. .. .ll

I , .l*2 .3. .2 *22 .*.'-I2- .. t.# , * '42' .- Iota .. "04 t4llt .f ft

2l' 4, . $ at*,2 *."l * kl .1ft49 ,.,PII *'-2q iltl7 *'.)l

21| I.. l-~.'.2 *l -I. 9-1 "42? *,I1', *l'')
-  

.,5444 l 4,'ft .% - IS.l )

IltS "'I"

*t 73.2I ,J ,% . 4.2 i -. ,I l.2" .- 9" tl" * .1 l.' l. .. t4 *'i *.22'- '25
k

"i 2

.I 4,1 O52 II IQ 1. 1 Ut .Illy -A& 32l
I

t , I t - .-. . .Rt -. , . ' I.. . , . .2F, *'-132-140 :::.4. , -,p1 ,f

'1J

32 2l,,- 2 •"-02 .'. ~ ." Ii.. .. %1 *. l'l. ,.. *.,1 l.l .2 .. flil

.I 21* 2- l ,2 .4t .. ' i * tIt % 1 .614 *, I .. Ii, ,l i..i ,12 , .l .t ,''02

it
it

'2 2 i .-. I 2 .2 .'tIl* .- (it .. ,2 l*ll J *iIll) il~ - 'l 144 - * 1,1 4 "' |}

.t. *k. * .'t, . '-22 .-I , .I Ox'I. i..%.14

19t 22-, 21.1 4,l . .' t2 6,#.., 4' ,,. *'t'l *'"A .* *.. " I .1i *, .~*j

*% # | 2'.I ..4 ' .*" *1 * .14 ,, 1 .. -. :""D ., tl -. "l'* - ' -,t
t

/

2.) .''.I ' & - "' .It . , l& . "II .1 .*1
i
" I Ikl .l *l

"*5 t,* .o i- .2';i... i ?I I * . .r.. .. flt I . . - *q. -I *, ,~q ." .

,IS , .47. , 2..,s.j +.' * 2'i -*..+..II - + *.*44 , l u Isl *.4!I.4 .,.1,3

.. i k,, 1. l,.%1 i., 2,,+l~ *• Siii +,.'. .'%14 *.t'24 +..11 *.l'-q +t+t

ItI

IJ4 %I %*k .1 -^*

It 4.

" Itl &t e qvmq +I+ +i+ "%/" +o%+ ek4qlk el-l)' e+,l# +e ~t +e ' et. #+a4

".. 44 .k "1 0
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TABLE 2.16. INSTANTANEOUS PR3ESSURES AT UPPER-SURFACE; CT CASE NO. 6, DYNAMIC INDEX 55

3'J2 5 1 8 9 30 11 12 13

P4434,OCG2 -S.5 Is .4 120 18.b 20.15 30.5 S6.5 91..3 48.5 54.S 80.5 6b.5

ALPI4A,UE(O' 1.0111 1.0?1 1.01a .993 .958 .915 .61 .800 .130 6853 .57V .40t .387

1 .035 -.161 -. 167 -.113 -. 32 -.191 -.196 -. 02 -.203 .. ?V2 -. 201 -.20U -.198 -. 95
P .05a -. 107 -.19b -. 204 '.e10 -. 14 -. 218 -. e22 -.225 -.22b '.?24 -.222 -.?IV -.217
3 .091 -.ZS4 -. 259 -. at.$ -.Z69 -.2/Z -.275 -. 1 -.217 -.278 -77 -.215 -.271 -. 26A
4 .140 -.$39 -.34b -.350 -.355 -.356 -,36t0 -.3b2 -.3b4 -. 564 -.363 -.161 -.359 -.356

35 .209 -.429 -. 4,?9 -.433 -.438 -.4J9 -. 442 -. 44S -. 443 -. 443 -.Mae -.440 -.4j9 -.417
6 .243 :40 .. 1 .8 .44 -46 - 8 -490 ::490 ::490 -. 4 -47 4 .44

7 .194 -530 -. 35 1~4 -.54 .*:549 -551 -. 54 .555 -5 .55 -.552 .550 -.549
8 .402 -. 709 -.715 -.710 -.121 -.723 -.7?b -.701 -.7a4 -.703 -.U2* -.724 '.7?3 -.fib
9 .440 -.771 -.782 -.745 -.786 -.190 -.791 -. 791 -.19V -.790 -.189 -.741) -. 749 -.766
10 .488 -.777 -.166 -.792 -.79b '.196 .*.795 -.79" -.791 -.792 -.795 -.193 -.789 -.784
it .538 -.349 -.150 -.351 -.346 -.342 -.340 -.331 -. 334 -.328 -.sea -.313 -.3041 -.299
10 .5h4 -.262 -.259 -.147 -. 240 -.ass -.a35 -.Z29 -.21 -. 219 -.215 -.213 -.013 -.117
13 .033 -.187 -.183 -.170 -.172 *.165 -.185 -.180 -.IS? ".154 -.13 -.15U -. 153 -.1.55.
1& .733 -.059 -.056 -.013 -.055 -.050 -. 048 -.945 -.044 -.042 -.039 -.049 -.043 -.04a
1s .741 -.006 -,004 -.002 -.000 .003 .006 .1006 .001 Q009 .009 .00b .007 .009
1& .829 .043 .047 .4q Q055 .060 0864 .085 .061 .Obl .4bb .V84 .08I V06

17 .872 .021 .094 .09b .048 .100 .303 .101 .102 .301 .303 .102 .30a .10?
18 .941 .160 .159 .1b0 .181 .8 .160Ib .160 Ib .160 .30 b38 .8 .161 .16 1 b

. IQ is 15 6 It 18 19 40 21 10 21 04 is 28

PHA3E,DEG* 72.$ 78.5 44.5 940.5 98.5 100.5 108.5 114.5 100.5 18.5 131.5 138.5 144.5

ALPH,0E6# .J90 *3V0 .048 -. 014 -.116 -. 216 -. 313 -. 407 -.49?1 -. "81 -. 664 -. 738 -. 806

I 13 4 4 4 4 4 4 CP4 . 4 4 4 . 4 * I 4 4 *

1 .033 -.190 -.185 -.119 -.171 -.164 .3 -.346 -.137 -.lab -.313 -. 099 -.0137 -. 01
a .450 -.01 2.08 -0 -.19b -.188 ::tat -. 73 -163 .33 -11 -13a .1 .3
3 ::011 -. 0:-20 .55 -. 50 .446 2.42 -. 137 .09 -.018a -. 09 '-.00 -. 192 -.111

0: .351 3:9 3:55 -. 4 -. 3 -30 _.30 -?.301 ..314 ..308 h .094 '.02 -. 043 -3, 30 37
5 .9 .3 .s 448 -. 423 -. 419 -. 436 -. 411 -. 40h -.31#9 -. 392 -. 35b -. 317 -. 310

6 .093 -481 -477 .44 -. 1, .6 -. 64 .59 .4',3 -. 446 .41 -. 1 -4,0 -~
7 .094 -p544 -. 541 .53 .37 -536 $a3 -. 523 .15 -. 09 -. 0 .93 44 41

8 .400 -. 7111 -. 701 '.703 '.704 -,696 -. 669 -. 642 -. 676 -.666 -. 658 -.603 -.642 -.014

t0 .44 a ::1 7 -. 68 -. 761 ::IQ -.724 -.698 '.51 -.59 .54 -. 46 '.34 -397 .370
.56-Z d .93 -. 045 ..?Is .273 -.ebb -.262 -. 261 -.059 -.,059 -.254 -.416 '.i61

* 0 .8 .039 -.216 -.433 -.RI$ -. 013 -. 215 -.034 -.201t -.Zee -.1*3 -dlc. -.Zia -.43"
13 ASS3 -. 153 .'.48 -. 141 -. 15V -.35 I.355 -.150 -.144 -.353I -.151 -,1416 -. 154 -. 161
14 .133 '.Q43 -. 041 '.4 -. 0412 -. 043 -. 943 -. 045 -. 047 '.o4o'e 3 -.039i -. 043, -.048

15 .163 .0914 .409 .0000 .00O O7 .030 .010 408 .005 .'Jul .01 .Vub .005
36 .19 .0s7 .0bb V55 .#45b .0511 0b8 '06 .054 .use .060 .00 V53 .054
it .47? .303 .lot .101 .13 ,101 .301 .300 .099 .04 .098 .044 Oqt .095

14 94 .10 164 .33 36* .30 .oB .35 *57 .140 .16 .1"8 *361 *1,49

r l 11.1 Ib0 14~ 1%114 1740 i' 5 166 43 1*- tf UIS 41v b5 a 1445 td9.

8&I&343..6 -4.
9
10v- .9V I 3,V140 -1.016- 1 .0 t S .,14 '.461a .4as -.##a -.414 '-.1414

3 Vs$3 -.v%? '.4Q3 '.01 '.45 -.010 -.431 .,L04 -,Vol .001 .031 a 6 11 .0111 .014

* 01 *94 .04 .7! ,6 vau4 ..o$# -.o .3 .3 .~ .44# -.401 -.013
v I09 -111 '4 -. 114 41%e :.1k3.4 -. lab'30 -.336 .333 -I3o9 .3I4 -.103 -.141
490 ..Otq *,'t5 -. 0h4 '.4"0 .. 141 -. 0 '.0190 .ad -. 0 1 f13 -.#I v -. 11)v -.204

1 .040 -. "a ,01 .. 341b -. )0 ..30 -. 1914 .,$It -.0t1 -.101 '.101 -.300 -. "19 -.04A
6 .143 - IOU -.$%a -. ip -. 3114 .51 -.3b) .,5 *,101 -. .46 -.149 .. 3443 .310 -.41,
1 .#44 '.m*1 ..43I -#4 -.'5 .440 -.,4A 1 -.409 '.1119 ..43 1 .410 -.4101 -. 4060 -4411 -.403
I live '.04 .. &IS a.4 .694 *'.5*1 -. s1 .,568 -.66) '.1141 -003 -. 06 -.Sib -.s34

9 .40 '.40 ..616 '.83 .4~4 .40 .49 -.%No .~% '34 . '.54 .019 -.540P~~! 'i 1,l .1 $6~f :',44; 01,4001 -.itI *~ 11,; .111 -.duo '$.411 '-.N 1 i
3 *90 .3 .49 .. # *35b -.004 -.34 .364 .094 .L64 -.144 -.360 -.I .$14

44 as 4 43Ib 90 .11 41 -I4 -. 14 *1~ -.14 .141 -*04 3au 6.11

1% ~oto *. out. -.0.1 .43 16.0 154.6* -. V0 ..01i ..oil 14. -,001 046 .. %).*
I4 a 4.440&4 1., olt .0 'Wi9 011$ V" I U'.110 I.lit Olt .01 1) d" .01 *Old .491

it& .30 .94- L,4 w0 u4 .,u - , 4 4 .00 .01 .00 U 4 4 40 Of 4 4

to .104 .044 ..A I6 Il* .00 10 .40 I.840 .$,A -.1%4 -.90 -.033 '.04 I lit) -.956

6,4 .3%Itu o'.13 li.0 % 14 vI 114010 it..oi# 6.3 '.34Is .1 -, 41.360 ta. s 6'.s 0.,t lot)

#3 k.r 44t4A 3O -.*to -. 646 *.4 J4 A . -. 305 -.U 33o00 '.144 .015 '3'1 .11 Ol 0I3

14 &).34 v. 0 .10 w- 0 9. 1 '.043 .01 6 .001 # a. 3 ' 8 - 0 4 - 0 4 '3 a06 #0

It k# of? I.9 '.,198 .43 .00 '04 u 's .33 -. 03P3 -. 049 -.300 -. U66 -. 04 ta ? -. 5
I 0s V .33 -. 3 011 '.0V -.14 '.410 -.154 -.11 .14 84 -. '.34S 11§4
1 -4.4op '.4ov06 l .0 -,lit '.41.) '441 -. 00 .Is -.4014 -.4t, -is* .44 -. 464t
4.4 .410 -. 130 -. 60 -. 104 -$It -. 111 '.58 .5l5 -. 4 -.140 -.61 -. 114 '.st1 -.IS%
it 4 '.110 -. W3 -44#3 '.104 -. Ise'81 '.660 -.161 .Ito '.067 -.404 -.141 -. 49.

r0 .4 -. G90 I.4;I '.b .5 iw . II '4 11 -. *40 '.404 '.630i -.414 -.444 .011 -.4u -. 1160
a3 q53 '.340 .454 -. 1 .,.0t -. jot a.5 -.364 -.SIP '.blis -.601 -.bit -.001 '.630
to *64k '.149 I -.0 'm 1 ..5 -.*if -,sip -. 36 -. 161 '..30 -. 06 -. 44 '.3*6 '.348

33 .3 . ..at* -. 005 -,*to -. 4144 '.449 -.to% -. %go '.- .1 .. t -. %34 '.0 -.14
it .,1% .4 -.00 -0 '.Ise .0%4 '..4 -.1%6 -. 044t J544 -1111 I.s? .% -. I%* -.4 .0o1
to .0#4 k*04 -.* .4V -. 06o -. 41v .60 '.1v4 '.Syo -.104 '.to* -.40. '.409 '.011
1 4 . 11 4 -.080 .0*1 Oita . .o1 .0 16 4 0 -. Jo .0 06 . 6 OS -UII .00 . 1 ~ . lpe -.06S

3? *tio Io* *3,44 .. JflV .olO1 .046 .1 .0.49 .o .01 ,44 .40 VIP9 .00

It 44 .1 Vtt vt .66 4 1 t Ot .36 00 .0 to .5 .01* .453 .3630 .9044 Q15

.1 1I Pb .G ai .%4 .1 b 1s It 101 .4 L



- TABLE 2.16 CONCLUDED.

Ju 53 bl 5b 51, S7 538 59) 60 61 62 b$ 6.4

PHA5EDEUC 306.5 31Z.5 318.5 3a4.b S.50.1h 336.5 342.b 348.5 554.5 3#-0.5 366.3 312.5 378.!5

ALIMA,0GE .b99 .681 .756 .823 bae2 .931 *971 1.000 1.011 1,011 1.u14 qq94 .63

I X C It It t * * cp * * * * * * * * I * * A *

I *033 -.062 -.074 -.089 -.104 -.11b -.1,?9 *. 142 -.150 -.160 -..17 -.113 -.161 -.190
2 .052 -.10, -.117 -.lag -.138 -.149 -.158 -.168 -.177 -.186 -.195 -.204 -.211) -.a13
3 .091 -. 161 -. 1159 -.200) -.91V -.219 -.228 -.236 -.24S -.2t 3 -. 1?59 -. 26t) -.?69 .1
4 .140 -.a?? *.286 -.295 -.503 -.310 -.318 -.326 -.333 -.$39 -.345 -.J150 -.3t~ -.357
5 .209 -.367 -.376 -.364 -.391 -*.398 -.4014 -.411 -.417 -.422 -.426 -.43e -.435 -.43q
6 .243 -.409 -.420 -.428 -.434 -.440 -.447 -.454 -.462 -.4b8 -.473 -.478 -.4$2 -.48b

7 .24 -478 :::a8s .493 -.499 -.506 -.513 -.519 -.b24 -. 55v -. 533 -.530 *.544 .4
$ .402 -.648 -56 -665 -673 .683 -689 -69b .700 lob0 -111' .116 -722 -.72.
9 .440 -.727 -.73b -.743 -.150 -. 756 -. 762 -.765 -.771 -.715 -.179 -.185 -. 719 -.190

10 .488 -.636 -.657 -.681 -.705 -.720 -.133 -.748 -.162 -.774 -.784 -.193 -.74h1 -.795
11 .538 -. 3S4 -. 352 -. 352 -. 353 -. 35.1 -. 351 -.354 -.351 -.548 .541 -. 34h -.345 -.S42

12 .584 -. 2?97 -. 292 .291 -. 2137 -. 284 -. 280 -. 272 -. 261 -. 26,3 -. 259 -. ?51 -.243 -.a3d
13 .633 -. 215 *.214 -. 210 -. 206 -. a04 -.201 -.198 -.191 -.187 -.183 -.175 -.113 -.169
14 .735 -.063 -.061 -.080 -.077 -.076 -.071 -.068 -.064 -.059 -.05b -.035 -.032 -.451
is .781 -.025 -.023 -.021 -.022 -.020 -.016 -.015k -.012 -.006 -.004 -.003 -.000 .604
16 .829 029 .30 031 .0?9 .031 .34 306 040 .044 :1041 .044 .5s .059
1 7 .872 .082 .084 .64 .083 .086 .087 :088 1 .6:092 .09 3 .9 .09 .98 :099

18 .941. .155 t158 .1 58 .154 .153 .155 .158 .160 .161 .159 .1600 .1bl .1by:.

TABLE 2.17. STEADY AN7D FUNDAMENTAL FREQUENCY PRESSURE DATA; SHOCK-STA.LL CASE

WIN1G MOOE.. 14404 844090. CHRD SW7 METERS

WI1107104IO PITCING I 0i DEG A8111 Y4-. 249

0Y111c "altK 89 STATIC lmxx 44

4 7"9 PTO? 203169 II 204
ALN5A 4 00 Ol~f 58714 VKQ is I

K 2QE .17 P9' w 134741

............ I~P4 WCE........ .......... ..... .......................;.014( SLACE ....................

Cp C$..... O A-.-........... .....P..C.. ............ . ................
C 0i RE/ .... ;"A0 4 "4cm t C O CII ofC ;JO.IlAO 11A P1OAU

ON " 1 S f 011 #4' 1 011) 731 034 4~ ; 3. 637 % 176 1332
09t rill CI 3 .381 3 3.4 S58 9300 0c)C3 .272 054 A 151 .0 82 43 -32 614

Ins*94 140 .3 779 3 3is 5 474 157 142 114 094 3 ?qtl .2 2ri a m9 v7 it
I211 No7 a0 l8 1 1"3 4 3)a 1217 'Is Ill 141 384 W 2V 449 4 SA 0 t

24 97 243 -2 40S 3 547 41 i ts 3 9 244 Oft .20 3 10 .t's "Q" 3 470
49 101 21 2W 14) a 1 II t I it 3 1 36 243 3 14t .1 "21 A 168 42 So

3;40 n16 43 1028 341 * 113 29) 3 "13 .1 101 734 .14 S3
39 *9 1". 9 is.141 695A 2232 IN 23 Il 391 2611 341 4331 .976t 444 too 934y
440 .6411 44C J2 Z" ., A; 2m " 012%4? 4" 73" 394 111ts9 .51 5 147 -19"9
487 .534 4 3 9091 i oil.3 9127f .1310 411 -ir Z4 490 a o7 1 319 4 179 la291
S1 do?7 S3 .4,46" .)109 1 7.11 .11140) 1 V2 1192 1e2 ;60o S714 at99'

145 *441 Set .7 349 -1 lt 7 425 -111 39 4m1 li 2' $31 t 41% 2 1 7 I#.I is T2

$4 )#1 77) .171 oi 7 * 4 % oft1 if$ $1 3 21" 31 W62 1t 540 476
9v3 27' 74,1 .6 no 7 n to1 Olt3 1321 799 lit 4 I 9 m53 44ll I6mA 9i91 8245I

73 -212 @2% Ili 1 9 N4 I I 4"1 110 %1 6W . 41 M2 I M13 S 449 S 037 *83
ILI il efl3 67217 It1CI4 o m13 te222' c"4 *Cal 63 a U3 693 S 3 I Iou

0")w -99 91 to4 90) w06 do 012 941 011$
W&4 CA$



TABLE~ 2.1.8. IN'STANTANEOUS PREISSUROES AT UPPER-'SURACE; SHOCK STAL.L CASE, DYNAMIC INDEX 89 - f
A,00 -11.4 .2 . 6.8 128.4 13.8 844.8 30.8 3b.6 4o.8I 84a.6 58.8 00.0

AL4'41,Wiz4 1.004 1.1125 I.086 1.819 .990 .846b .923 .870 .84 .738 1 *7 .84p

1 .052 -1.013 .1.0a? "1.088 -1.4)33 '1.QA.7 1.4V -1.481 -14 )1 -148) .143 .V3.. -1.033 -1.030

8 08 1.09 - .1:-::31021 -1.032 :1:1,$b :1:0,17 -1.:038 -1.039 u1437 -1.03 0143e -1088
3 :140 1.3 .108 -1.089 -. 54 .-:5 : -1.t061 .063 -1068 -1.06 :1.04)3 -1.0b1 -1 : 1 .'i5
8 .20 . 1.0t4 '1. 081 .1. )0 -1 j.34 -1.v39 -1.043 -1 045 -1. 47 -1. 041 -107 -1.04b -1.045 *l1.04Z
b .283 -1.03? -1.48 -1.050 -1.0)56 -I.068 -1.06b -1,068 -1.01 -1.0ra *1.0a8 -1.071 -1.0)1 -1.4)68
6 a948 -1.04) -1.098 -1.100 -1.109 -1.111 -1.121 -118 -1.186 -1.18 .1.126 -1.185 -1.1288 -1.128
7 .339 -1.139 -1.147 -1.15s -1.168 -1.104) -1.17e -1.176 -1.179 -1.181 -1.188 -1.103 -1.182 -1.17a

8 8402 -1.808 .1.818 :1:822 -1.819 -1:.3; -1:.4 -1:.l -1.888 -1.385 -1.119 -.91-1 -48 .8
9 .440 -.9111 -.997 00G -10s -.8 -. 88 -.71 -.543) '-.S4 -.46a '.3b) -288 .44)
10 .868 -.053s -.146 -.038 -.%448 -.4)8 -.885 ..Wit -.814i -.808 -.392 -.3/3 -.3bb -. $3
It .538 -.623 -.61) -.586 -.581 '.069 -,5b/ -.5.49 -.5827 '..513 -. 897 -.463 -.471 -.455
1a .588 -*595 -.491 -.585 -.S78 -.57e -.564 -.S46 -.5sb -.519 -.5404 -.49u -.4713 -.461
1s .633 -58 -66 -.'s6l -.565 b.15 -.5843 - .5 31 -.t)24 -.510 -.8Y5 -. 880 '-.dhh4 -.447
18 .733 -.418 -.4e9 -.886 -.455 -.4h0 -'811 -.468 -. 85 -. 4 -.831 -.8o8# -.417 -.4865
1 5 .181 -.M81 -. 344) .38 -.386b -. 00 -.813 -.'.dl -. -. a -.41 -85 .8' -. 30'? -. So
lb .8219 -.207 '.213 -. a04 -.30). -.3"8 -. 38S -. 32 -.31.5 ..44..4 %3?" -.34.3 -. 4h)1 -. 3538
17 .878 -.093 -.18b -.163 -. 1 I'd ".e86 -.:, -.84)5 -.885 -.386 -318t -.Sib. -.314 -.314
18 .861 .05P .088 -.out -.4)38 -.07 -.119 -.15$ -.100 -.804) -.815b -.a84. -.224 -.a31

isi~ 1 16 17 181 19 801 21 28 83 84 25 81.

*PHASE,OE69 1.0.0 72. 7.8 88.0 80.6 8o# b6 108.8a 14)6.0 1184 18.0 lao "6.Isb 1328 130.0

A LPs&A,DEI0 .398 .298 .192 .V88 -.016 -.tzo -.883 -.34 -.8?1 -.518 -. 640o -. bl8 -.759

I 0/C 8 * 8 1 * 8 A cp A4 A - 8 4

I .058 -1.088 -1.019 -1.812 -1.0)0 -.9894 -.891 -,983 -.418 .96. -. 950 -.54 -. 941 -. 93
8 .091 -l..08 -1.819 -1.04)1 -1.04)0 -4.004. -.883 -. 8? .918 -.411 -. 91. -.455 '-.94h. -. 93t.

8 :40 1 .4,5 -1.487 -1.u88 -1 .4)87 -1.u31 'f..4 -1.4)11 -. Oun0t* -1.4') -. 1081 -.4ho '*.973 -.9h4
4 4 -. 3 10b.1J IVl -. e 10h 10t IQ4 .4# .4 . .~ .h

5 113 -1.,16b .1.06 060 -1.4 )5 -1.05 8 "Iub 1.08? -1.141 1.4)30 -1.8011 -1.088-.U-1.01 " .41 - 10'45
a9488 -1.183l -1.121 I1.114 -1.116 -1,111 -1.106 -1.104 -1.4)80 -1.0 -l..09 -1.4)1 .77 -I.013S

7 .39 -359 -1:099 -1.4)51 '-!.010 -. 088 .968q -. 86 '-.0 -960 '-97t :.'0:, 95 .0o
a .8402 -. 1 -. 89q -.660 -618 -.66 -. 57 '-.oss ..1.3 ::645A :4)53 bb05 ".4 -. 1
9 .860 -33 -.361 -. 375 -.171 -. 30 -.3%9 -.3,21 -. 355 -. 352 '-.146 -. 351 -.450 -.$$I
10 80 '.3 -.326. -.$as -.314 -.311 -.299 -,3ul -.095 -.888 -.8#6 -.29U -.848 -.898

II 530 -.81 -.433 -.849 -.828 -,415 -.812 -.406 -.80a -. 049 .09 -. 34 -.sob -.345
1e .596 -. 8 -.83b -.842b -.8 1 -.915 -.404 -. 0a -.$9 -.395~ -.38? -.55h1 -- 0?.7?4
13 .633 -.4~35 -.825 -.8113 -.406 -.800 -.391 -'164 ..31.) -'31s -.106 '-.310 '-.191 -.31AS
14 .733 -.399 -.30? -.373 -.05 .36 -. -.308 -.312 .-.385 -.31 -'48 -.884 -.801
is .761 -.3111 -.356 -.306 -. 3* -. 31 -.1a4 -.3y) -.304 -:240 -. 88 -.878 -,868 .8
16 .688 .348 -338 -,8 -31 -31 -3" .8 .88 .5 .s .'4 .8 .8

10 .8 -81 -. 4 .819 -.?1- -.141 .1 11 t ..Irv -.11h "1#. -. 4 -.1.4 j8 .1

4" ?1 80 89 30 5 38 is 384 Is 31 b It So 0

Pm844j.4413 144.b 55U0 Iso 05,s 168i.A 166.80 1)8.6 1410.) %86.0 1440 188.1. 44.8 I 1t0.8 K 16.8

0LPM14p. -.be) -.fob -003 -. 17 -1.041 '1.014 -. 001 .1.13t -.893 -914 o I -.V06 '-.#s -.404

a .41 -. 445 -.414 .001 .090 -.#1 -,.1480- a,0 -64 I 46 -.#15 -. Po4 -.4)66 -.64 -.14b
3 .14U -. 54 --,46 '947 -.420. ..895 .11 -.065 *.;8 408 -.A4? '.%0.8 A.of- .. '440 -. 01

3 58 .98 ,85 '.3 -88 .19 .85 .91 -.M4 -. 81 -. 1 '. -.88N -.881

t 88 -8. ..441 .4" .84)-'.'..91 .%IVA-.s,' -. V%.. -. 444 -.4... '..*41 .. V141
4. .480 814 - . 0 - .0"34 -1't I.VJ1 - l. Pek '11 1.Mls -1 .401) -1.48 '-5.' -. 44s '-.94t

7 .318 '.1.401 -54ua$ -. 1 ..06 '.0 -V 1 .1 o' 1.V14 -1.Olt, -1.048 .1.01 '-1t8g"501 -1 you
.411 ,8 .bbo -.%*1 ".6941 -.111 -.lot -.Till -. 09 -.414b 5.5 -1.05S186 -..10 -1.1sq

* .48; -.Sl86 -.Sb A.J44 -.Is, A.5*5k A, 11s -.365 -,40-3 .85 -,5 4468 -. $So -.608
00 .801' -.10i -.a*') -.110 '..194 -441 -. W4 -. 8809 -.lot7 -.316 -.131 -,'0 -85 -.146
kk 010 -.Po4 -.$It '.86 .41 ~ -.

1
1 -.311 -.114 -.113 -.5115 -.0t .J -,8 .3111 -.6o)
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TABLE 2.18 CONCLUDED.
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DATA SET 3

NACA 0012. OSCILLATORY AND TRANSIENT PITCHING

by

R. H. Landon, ARA

INTRODUCTION

These results are extracted from tabulations of wing pressures resulting from the
3rd series of pitching tests about 0.25c axis made in the ARA 2-dimensional tunnel, using
the pitching and heaving rig, Ref 3.1.

The main purpose cf these tests was to examine the conditions of dynamic stall and
recovery at scaled time rates similar to those of a typical helicopter application.
Dynamic similarity was maintained also in Reynolds number; the approximately quarter scale
blade section was therefore run, for all the cases reported here, at a tunnel stagnation
pressure of 4 bar to match low altitude flight of the helicopter. Consequently, no arti-
ficial boundary layer transition trips were applied to the test wing.

The output of dynamic pressure transducers was sampled at fixed intervals, the
instantaneous pressures and reference conditions having a matched and filtered response

within 3 dB up to 460 Hz.

The results represent one specific cycle, and are not averaged over a number of
cycles. The data bank at ARA contains at least 4 cycles of each dynamic condition. Ramp
motions have only a single transient.

Up to 6 increments of mean incidence and amplitude, singly or in combination, could
be run: the present programme called for 3 increments (called programe steps or PSTEP) of
mean incidence, am as shown in Table 3.4.

The time-dependent results are presented without harmonic or spectral analysis.
Note that the harmonic content of the pitching motion is relatively high, due to the
intrusion of other modes of the drive system:

Harmonic content and phase angle relative
f to the fundamentalAGARD case (Hz) . .

First Second Third Fourth

1,2,3 50.32 2.44,-100 2.45%,-390 0.5%, "510 0.38%, 09
5 62.5 0.22%,-139 2.60%,-440 0.37t,-6l°  0.07,-76°

The instantaneous Mach number varies in sympathy with the drag of the wingi the flow
momentum loss changes the effective area of the choked throat that controls the flow down- 1'
stream of the model, thus making speed dependent on drag. Mach number is thus given for
each data point in the results.

The heave mode (no results presented here) allowed the wing to be placed up to
63.5 mm (2.5 in) above and below the tunnel centre line. Some pitching tests are
reported in Ref 3.2 to show possible effects on dynamic readings of wall proximityi there
has boon no analysis of ut':nady tunnel interference, but corrections appropriate to steady
interference have been applied to some of the measured quantities.

Notes on the data

The ordinates of the NACA 0012 airfoil are given in Table 3.1. 'The chordwise and
spanwise locations of the 30 pressure holes and their channel numbers axo given in
Table 3.2, and the arrangement of the data is explained in Table 3.3.*

Ton data sets are presented to provide experimental comparison with AGAWU CT Cases. "
These alo extracted from the full set of ttsts identified in Tables 3.4 and 3.5.

For the priority CT Case I the tabulated data are presented as 32 sets of pressure
coefficieats at equal time intervals during a cycle of oscillation, extracted from 64
sets in the original data. For the other CT Cases of oscillatory pitch the nurber is
reduced to 8 Sets. The ramp motion and quasi-stady data have 16 points, chosen to give

4 approximately equal incidence increments, again taken from more closely spaced original
data. Tables 3.7 to 3.10 include a pitch damping factor which is irrelevant for the
present purpose and Its value is also shown in each of the oscillatory plots. Note also
that the ramp incidence rate is an approximate or nominal valuet the incidence rate -

- do/dt in not constint, and when calculated from different ranges of incidences, will
give different values. Approximate representations of the motions In Ref 3,6 are
recommended for comparativo calculations at given a . No measurements were made for

T
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strictly steady conditions, but instantaneous pressures were measured for very slow
oscillations of incidence. The results of three of these quasi-steady tests are given
in Tables 3.14 to 3.16.

Oscillatory pitch about 0.25c:

Related Run No. Experimental conditions
Data

AGARD and atable
CT Case P step M 5m 0 k Re 106 Sets

(deg) (deg) (Hz)

1 87-1 0.600 2.89 2.41 50.32 0.0808 4.8 32 3.7
2 89-1 0.600 3.16 4.59 50.32 0.0811 4.8 8 3.8
3 87-3 0.600 4.86 2.44 50.32 0.0810 4.8 8 3.9
5 128-1 0.755 0.016 2.51 62.5 0.0814 5.5 8 3.10

Ramp motion about 0.25c:

Related Experimental conditions- Data
AGARD Run No.CT Case X a range Re x10 6  Approx S table

(deg) (deg/s)

6 218 0.30 -0.03 to 15.54 2.7 1280 16 3.11
7 227 0.57 -0.01 to 14.80 4.6 425 16 3.12
8 230 0.56 -0.01 to 14.97 4.5 1380 i6 3.13

Quasi-steady:

a range 6 Data

Run No. M in table Re x10-6  Sets table
(deg)

6 0.30 -0.12 to 15.55 2.6 16 3.14
11 0.58 -0.13 to 11.56 4.6 16 3.15

151 0.75 -3.27 to 3.35 5.5 16 3.16

Figs 3.2 to 3.4 show typical results extracted from Ref 3.2 for oscillatory pitching
at H - 0.6 and 0.75, showing the effect of reduced frequency parameter on normal force,
pitching moment and a damping factor DF. The related AGARD CT cases 1, 2, 3 and 5 are
included in these figures. Figs 3.2 and 3.3 are for respective amplitudes a0 - 2.50 and5.00.

Fig 3.5 shows curves of CN against a from the quasi-steady data and for the two

ramp rates at M - 0.57 to illustrate the lag in the growth of CN  and the delayed stall
under dynamic conditions.

I AIRFOXL

1.1 Designation NACA 0012

1.2 Type of airfoil Symmotrical 12% thick

1.3 Geometry See Table 3.1 and formula iD Ref 3.6

1.4 Design condition

# ,1.5 Additional remarks

1.6 References on airfoil Rafe 3.6, 3.7

2 MODEL GEOM8TRY

2.1 Chold length 101.6 mm (4 in)

2.2 Span 203.2 mm (8 in)

2.3 Actual model coordinates and See Fig 3.1 and Table 3.1. TE thickness *

accuracy of miosuroments 0.383 m, ie approximately 0.127 m too thick

2.4 Flapc hinge and gap details -

2.5 Additional tamarks

2.6 References o.1 model -
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3 WIND TUNNEL

3.1 Designation ARA 2-dimensional tunnel

3.2 Type of tunnel Intermittent blow down

3.3 Test section dimensions h = 457.2, b = 203.2, length = 1251 mm

3.4 Type of roof and floor Slotted, 3.2% open area ratio

3.5 Type of side walls Solid

3.6 Ventilation geometry Roof and floor each have 6 slots and 2 half
slots at corners. Plenum chambers 133 mm
deep connected by large ducts. Top and
bottom walls diverge.

3.7 Thickness of side wall 26*/b = 0.015
boundary layer

3.8 Thickness of boundary layers Not known
at roof and floor

3.9 Method of measuring Mach Static hole in side wall 5 chords ahead of
nivmber model

3.10 Uniformity of Mach number Centre line distribution within ±0.0015 in
over test section region of model

3.11 Sources and levels of noise No serious disturbances
or turbulence in empty tunnel

3.12 Tunnel resonances No evidence
3 .i 3 Additional remarks

3.14 References on tunnel Ref 3.8

4 MODEL MOTION

4.1 Mode of applied motion Pitching about 0.25c, oscillation or ramp.

No heave results

4.2 Range of amplitude Oscillatton t9.501 ramp 0 to 300 (limit 440)

4.3 Range of frequency 0 to 60 Hz (limit 100 Hz)

4.4 Method of application Hydraulic actuator

4.5 Purity of applied motion See Introduction

4.6 Natural frequencies and Lowest is bending at 600 Hz
normal modes of model

4.7 Static c- dynamic elastic No significant distortion
distortion during tests

4.8 Additior.il remarks

5 TEST CONDITIjONS

5.1 Tu,,nel heJghtimodel chord 4.5
, ratio

5.2 Tunnel width/wodei chord 2.0
ratio

5.3 Ronge of Mach number 0.3 to 0.87

5.4 Range of tunnel total pressre 1*-4 bar

5.5 Range of tunnol total 260 K approximately, uscomtrolled
tt"erature 0

5.6 Ranqe of model steady, or ll deq (limit 440)
Man' incideoce

5.7 Definition-of model incidence On chordline: datum matched on altordwiso
pressure distribution ,.

5.8 Position of trancition, if Not known
free-- + • .. +

5.9 Positiotn and type of trip, if No trilr %a a*vnt! data bacawsa :ewo" i.l
transiLion fixed cosistent u 'In, fI4-r-za. i hoaliopt4r blado

5.10 I or mixod flow, position of -
soz.ic boundary in r'elation to+..t roof aad floori t

5.11 Flow instabilitiea during No 6mpla anger refer to AaA
I i;: tests. I

5.12 Additional remarks PA+., ot model 0.15t i 4 chords dovstrit'an..... •-of start of 11ots-

5.13 Roferencas describing teits ti. s 3.1, 3.2 •" f I
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6 MEASUREMENTS AND OBSERVATIONS

6.1 Steady pressures for the mean conditions -

6.2 Steady pressures for sall changes from the mean conditions

6.3 Quasi-steady pressures /

6.4 Unsteady pressures /

6.5 Steady forces for the mean conditions measured directly -

integrated pressures

6.6 Steady forces for small changes from the measured directly -
mean conditions

integrated pressures

6.7 Quasi-steady forces measured directly -

integrated pressures /

6.8 Unsteady forces measured directly -

integrated pressures /

6.9 Measurement of actual motion at points on model

6.10 Observation or measurement of boundary layer properties

6.11 Visualization of surface flow

6.12 Visualization of shockwave movements _

6.13 Additional remarks -
-EI

7 INSTRUMENTATION

7.1 Steady pressures Pressurea for quasi-steady conditions measured
with same system used for unstoady pressures

7.1.1 Position of orifices
spanwise and chordwise

7.1.2 Type of moasuring system

7.2 Unsteady pressures

7.2.1 Position of orifices See Table 3.2
spanwise and chordwiso

7.2.2 Diamoter of orifices 0.25 mm

7.2.3 Type of measuring system 30 transducers in moel (see Rof 3.1)
7.2.4 Type of transducers Kulito XCOL absolute

7.2.5 Principle and accuracy of Calibrated under steady conditions against
calibration Texas Qurtz Pressure Test Sot.

AOuracy: t2.7 mb.

7.3 Model motion

7.3,1 Nethod of measurmaot Shaft encoder

7.3.2 Accuracy Resolution; tO.1 deg

7.4 Procesaing of unsteady
measurements

7.4.1 Method of L-cquiring and Signals sampled at known time intervals,4 processing measureents sami points in cycle
7.4.2 Type of analysis Itstantaneous pressures reduced to ioi-

dimensional coefficients

7 ,?.4.3 Unsteady pressure Approximately t0.0l In Cp
4luantltlas obtained 4n4 '

accuracles achioved

7.4.4 Method of IntegratLon to StAndard curve fitting procedure"
obtain forces

7.5 Additional remarks Tabulated CN  and CZ are corrected for wal
constraint

7.6 Raferences on teOhniques Rofs 3.1, 3.9, 3.10
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8 DATA PRESENTATION

8.1 Test cases for which data Tables 3.4, 3.5, 3.6
could be made available

8.2 Test cases for which data are See Introduction
included in this document

8.3 Steady pressures

8.4 Quasi-steady or steady Tables 3.14, 3.15, 3.16
perturbation pressures

8.5 Unsteady pressures Tables 3.7 to 3.13

8.6 Steady forces or moments -

8.7 Quasi-steady or steady Tables 3.14, 3.15, 3.16
perturbation forces

8.8 Unsteady forces and moments Tables 3.7 to 3.13

8.9 Other forms in which data None
could be made available if
required

8.10 References giving other Ref 3.1
presentations of data

9 COMMENTS ON DATA

9.1 Accuracy

9.1.1 Mach number ±0.0015

9.1.2 Steady incidence Instantaneous incidence to ±0.1 dog

9.1.3 Reduced frequency Within about 1%
9.1.4 Steady pressure coefficients -

9.1.5 Steady pressure derivatives -
9.1.6 Unsteady pressure Instantaneous Cp to ±0.01 (see Ref 3.10)

coefficients

9.2 Sensitivity to small changes
of parameter

9.3 Spanwise variations Not serious for data presented here (for
other cases see Ref 3.1)

9.4 Non-linearities

9.5 Influence of tunnel total
pressure

9.6 Wall interference corrections Values of a, am, ci0, CN and Cm have been|j
corrected on the basis of steady calibrations ]
(see para 12). No corrections appear to be
necessary for M.

9.7 Other relevant tests on
sme modeI

9.8 Relevant tests on other modols Ref 3.11 gives steady measurements on another
of nominally the sate aerofoil model of NACA 0012 in same tunnel

9.9 Any remarks relevant to com-
parison between experiment and
theory

9.10 Additional remarks

9.11 References on discussion of Ref 3.2
data

* 4 10 PERSONAL CONTACT FOR FURTHER INFORMATION

Mr R.H. Landon, Aircraft Research Association Ltd, Manton Lane, Bedford MK41 7PF, i
England

11 LIST OF REFERENCES
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blade section.
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12 DEFINITIONS AND EXPLANATION OF DATA TABLES

b airfoil span and tunnel width

c chord

CN normal force coefficient

Cm pitching moment coefficient (about 0.25c)

f frequency (Hz)

h tunnel height
k reduced frequency, oc/2V

M Mach number

q dynamic pressure
-,%Re Roynolds number

t time (seconds)

V velocity

x,y,z airfoil coordinates

a incidence

am  mean incidence

a0  pitch amplitude
6* displacement thickness of boundary layer

W frequency (rad/m)

For each chose-i cuse, experimental data are prosented as sets of instantaneous values
of the quantities Cp CN  C M and N for particular tims t (in aacoda) in Tables
3.7 to 3.16.

uncorrected coofficionts C and C1 are evaluated by a curve fitting procedure
from the intugrals

, / (tpL -p

0

..

ce (C - C~, (0. 25 -(x/)d (x/c)

0
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where Cp = (p -p.)/q is uncorrected and the suffices L and U denote lower and upper
surfaces respectively.

Oscillatory motion is defined by

a = am + a0 sin(wt + £)

where e is a phase angle dependent on the time datum.

The quantities a 5m a 0 C and C (but not Cp) have each been corrected form 0 N n p
tunnel constraint effects. The corrections, as derived for steady conditions in Refs 3.3,
3.4 and 3.5, are applied to each instantaneous condition as if it were steady.

Table 3.1

NACA 0012 SECTION ORDINATES

X/c z/c

0 0

0.0050 ±0.01221
0.0125 ±0.01894
0.0250 ±0.02615
0.0500 ±0.03555
0.0750 ±0.04200
0.1000 ±0.04683
0.1500 t0.05345
0.2000 ±0.05738
0.2500 ±0.05941
0,3000 ±0.06002
0.3500 ±0.05949
0.4000 ±0.05803
0.4500 ±0.05581
0.5000 *0.05294
0.5500 t0.04952
0.6000 ±0.04563
0.6500 t0.04132
0.7000 10.03664
0.7500 t0.03160
0.8000 f0.02623
0.8500 ±0.02053
0.9000 10.01448
0.9500 t0.00807
1.0000 t0.00126

Table 3.2

NACA 0012 WING PRESSURE LOCATIONS AND CHANNEL NUMBER IDENTITIES

Upper surface Lower surface

Chan l X/c y/b Channel X/o ¥/b
No. No.

1 1.0 TE 0,52 21 0 LE 0.44
2 0.9 0.51 22 0.01 0.46
3 0.8 0.48 23 0.02 0.48

t 4 0.7 0.49 24 0.04 0.48
C 0.6 0.5 25 0.10 0.48
6 0.5 0.5 26 0.22 0.5
7 0.4 0.5 27 0.34 0.5
a 0.3 0.5 28 0.46 0.5
9 0.2 0.51 29 0.57 0.5

10 0.15 0.48 30 0.68 0.5
11 0.125 0.48 31 0.79 0.54
12 0.1 0.49 32 0.90 0.55
13 0.075 0.5•

14 0.05 0.51 44
15 0.03 0.52
16 0.02 0.53
17 0.01 0.55
16 0.005 0.56

.' I,',, . ,
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Table 3.3

LAYOUT OF RESULTS IN TABLES 3.7 TO 3.16

Cp1  Cp2  C p3  Cp4  C p5  Cp6 C p7  C p8  C p9  C p 0  Data point

C C C C C C C Cpl 8  C C M Cp11 p12  p13  p14  p15  p16 p17 p18  Cp21 Cp22 N

Cp23 Cp24 Cp25 Cp2 6  Cp27 Cp28 Cp29 Cp30 Cp31 t (second) Cm

2q (lb/ft2) (deg)

where, in the arrangement above, C is the instantaneous value of C for channel n
pn p

(see Table 3.2). Corresponding x/c locations can be identified from the following key:

Upper
1.00 0.90 0.80 0.70 0.60 0.50 0.40 0.30 0.10 0.15

Upper oW.Wex
0.125 0.10 0.075 0.05 0.03 0.02 0.01 0.005 0 0.01

Lower
0.02 0.04 0.10 0.22 0.34 0.46 0.57 0.68 0.79 0.90

II

ii

ij
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Table 3.4

PARAMETERS OF OSCILLATORY PITCH CASES

a0  a a0  a
ARA M 0 m f k Re x 10- 6  A M m f k Rex 10-6run No. (deg) (deg) (Hz) run NO. (deg) (deg) (Hz)

152 0.288 8.5 4,5,6 30 0.099 2.7 178 0,598 2.5 3,4,5 30 0.050 4.9
153 0.286 8.5 7,8,9 30 0.099 2.7 179 0.593 2.5 6,8,10 30 0.050 4.9
183 0.287 8.5 10,11,12 30 0.101 2.7 180 0.597 5.0 3,4,5 30 0.050 4.9
184 0.286 7.5 6 30 0.102 2.7 202 0.600 5.0 6,9,12 30 0.049 5.0
156 0.292 9.5 6 30 0.096 2.7 87 0.600 2.5 3,4,5 50 0.081 4.9
185 0.287 9.5 6 30 0.102 2.7 88 0.595 2.5 6,8,10 50 0.082 4.9
186 0.285 Max 6 30 0.102 2.7 88 0.595 5 6,8,1 50 0.082 4.989 0.598 5.0 3,4,5 50 0.082 4.9157 0.290 2.5 9,10,11 30 0.097 2.7
158 0.286 2.5 12,14,16 30 0.099 2.7
159 0.288 5.0 9,10,11 30 0.098 2.7 91 0.599 2.5 3,4,5 70 0.115 4.9
160 0.286 5.0 12,15,18 30 0.099 2.7 92 0.594 2.5 6,8,10 70 0.116 4.9

93 0.599 5.0 3,4,5 70 0.115 4.9199 0.305 2.5 9,10,11 50 0.155 2.8 94 0.591 5.0 6,9,12 70 0.117 4.9200 0.298 2.5 9,10,11 50 0.159 2.8
188 0.285 2.5 12,14,16 50 0.168 2.6 103 0.699 2.5 1,2,3 29 0.041 5.4
39 0.290 5.0 9,10,11 50 0.170 2.7 96 0.688 2.5 4,6,8 29 0.042 5.4
40 0.287 5.0 12,15,18 50 0.172 2.7 104 0.697 5.0 1,2,3 29 0.041 5.4
116 0.287 2.5 9,10,11 70 0.238 2.7 98 0.686 5.0 4,6,8 29 0.042 5.4
43 0.289 2.5 12,14,16 70 0.245 2.7 105 0.699 2.5 1,2,3 58 0.081 5.5

117 0.292 5.0 9,10,11 70 0.231 2.7 100 0.686 2.5 4,6,8 58 0.083 5.4
44 0.287 5.0 12,15,18 70 0.245 2.7 106 0.696 5.0 1,2,3 58 0.082 5.4

__ _I 02 0.685 5.0 4,6,8 58 0.083 5.4
161 0.382 8.5 2,3,4 30 0.075 3.5
162 0.380 8.5 5,6,7 30 0.075 3.5 122 0.700 2.5 1,2,3 80 0.115 5.5
163 0.379 8.5 8,9,10 30 0.076 3.5 123 0.691 2.5 4,6,8 80 0.116 5.4
164 0.380 7.5 4 30 0.076 3.5 124 0.698 5.0 1,2,3 70 0.101 5.5
165 0.380 9.5 4 30 0.076 3.5 125 0.691 5.0 4,6,8 70 0.101 5.4
166 0.380 Max 4 30 0.076 3.5 95 0.699 2.5 0,1,2 29 0.041 5.4
201 0.398 2.5 -,3,9 30 0.073 3.6 97 0.696 5.0 0,1,2 29 0.041 5.4
168 0.377 2.5 e0,12,14 30 0.077 3.4 99 0.697 2.5 0,1,2 58 0.082 5.4
169 0.379 5.0 6,8,10 30 0.076 3.4 101 0.693 5.0 0,1,2 58 0.082 5.4
170 0.377 5.0 9,12,15 30 0.077 3.4

126 0.754 2.5 0,1.2 31 0.042 5.759 0.377 2,5 7,8,9 50 0.126 33 326 0.754 2,5 0,1,2 33 0.042 5.7
60 0.383 2.5 10,12,14 50 0.128 3.3 127 0.744 2.5 3,4,5 31 0.042 5.6

61 0.38 5.0 6,8,10 50 0.127 3.4 128 0.753 2.5 0,1,2 62 0.082 5.7
62 0o380 5.0 9,12,15 50 0.128 3.4 129 0.743 2.5 3,4,5 62 0.083 5.6

63 V.361 2.5 7,8,9 70 0.182 3,5 130 0.753 2.5 0,1,2 80 0.108 5.7
64 0.378 2.5 10,12,14 70 0.184 3,4 131 0.744 2.5 3,4,5 80 0.10 5.6
65 0.378 5.0 6,8,10 70 0.184 3,4
66 0.378 5.0 9,12,15 70 0.184 3.4 138 0.805 2.5 0,1,I 33 0.041 5.9

--. .- 203 0.816 2.5 0, .1 33 0.041 6,0
37T 0.483 3.5 0,1,2 30 0.060 4.2 204 0.802 2.5 0,|1 33 0.041 6.0
172 0.482 8.5 3,4,5 30 0.060 4.2 139 0.794 2.5 2,21,3 33 0.041 5.8
173 0,482 8.5 6,7,8 30 0,060 4.2 134 0.785 2.5 0,1,1 66 0.082 5.8174 0.483 2.5 5,6,7 30 0.060 4.2 135 0.792 2.5 2,213 66 0.081 5.8
175 0.481 2.5 8,10,12 30 0,061 4.2176 0,483 5.0 5,6,7 30 0,060 4.2 136 0.799 2.5 0,1,I 80 0,101 5.9
177 0.479 5.0 9,12,15 30 0.061 4.2 137 0.794 2.5 2,2j,3 80 0,102 5.9
107 0.484 2.5 5,6,7 50 0,100 4.2 142 0.814 2.5 0,1,2 80 0.100 5.9108 0.481 2.5 8,10,12 50 0.10! 4.2 141 0.821 2.5 0,1,2 80 0.099 5.9
119 0.489 5.0 5,6,7 50 0.099 4.2 143 0.829 2.5 0,1,2 80 0.098 6,0
109 0.479 5.0 9,12,15 50 0.101 4.1 144 0.840 2.5 0,1,2 80 0.097 5.9
78 0,450 2.5 5,6,7 70 0.147 4.2 345 0.866 2.5 0,1,2 80 0.094 6.0

118 0.488 2.5 8,10,12 70 0.141 4.2 146 0.878 2.5 0,3,2 8 0.093 6.0
80 O.k80 5.0 5,6,7 70 0.147 4.2 147 0.896 2.5 0,1.2 80 0,092 6.0
81 0.476 5.0 9,12,15 70 0.149 4.2

- - -- - - - - - - -- I

*i'

1
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Table 3.5

PARAMETERS OF RAMP PITCH CASES

da
ARA c range -t Re x 10-6

run No. (deg/s)

215 0.29( 0-30 400 2.7
216 0.298 0-30 800 2.7
242 0.299 0-30 1200 2.7
218 0.294 0-30 1600 2.7

214 0.406 0-30 400 3.5
243 0.10 0-30 800 3.5
222 0.410 0-30 1200 3.6
219 0.412 0-30 1600 3.6

223 0.504 0-30 400 4.2
224 0.501 0-30 800 4.2
225 0.501 0-30 1200 4.2
226 0.496 0-30 1600 4.2

227 0.613 0-30 400 4.8
228 0.615 0-30 800 4.8
229 0.614 0-30 1200 4.8
230 0.611 0-30 1600 4.7

231 0.707 0-30 800 5.2
232 0.706 0-30 1600 5.2

233 0.761 0-30 1600 5.3
234 0.760 0-30 800 5.3

235 0.806 0-30 800 5.5
237 0.809 0-30 1600 5.5

239 0.834 0-30 800 5.7
238 0.838 0-30 1400 5.4

240 0.900 0-30 800 5.9
241 0.902 0-30 1600 5.9

236 0.812 0-30 800 5.5

Tablo 3.6

PARAMETERS OF UUASI-STEADY CASES

N ARA 40  Urm N Ai ( 0  Umrun No. (deg) (deg) run No. (dog) (deg)

0.3 6 11 11 0.75 14 5 5
0.3 189 11 11 0.75 192 5 5
0.3 278 11 11 0.8 15 4 4
0.4 7 It 11 0.8 193 4 4
0.4 245 11 11 0.8 296 4 4
0.45 190 11 II4 0.5 9 10 10 0.4 148 0 11
0.5 279 10 10 0.6 149 0 9
0.55 46 10 10 0.7 150 0 7
0.6 11 9 9 0.75 151 0 5
0.6 280 9 9 P.3 244 0 11
0.65 12 8 8 0.5 246 0 10
0.65 191 8 8 0.6 247 0 8
0.7 13 7 7 0.7 248 0 7
0.7 281 7 7 0.8 249 0 4
.... ... .. . . . ..- -,

! 'I
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Table 3.7

ARA RUN 87 PSTEP I AVARD CASE 1 - OSC. PITCH
M=0. 6 R=4. 8*106 WC/v=0. 0808 o¢g2, 89 o2. 41 Damping +0. 06708

0. 1647 -0. 0007 -0. 1408 -0.'2437 -0. 3383 -0. 4547 -0. 5Y12 -0. 7231 -0. 8666 -0. 9290 2
-1.0117 -1.0640 -1.1383 -1.1316 -1.1096 -0.9442 -0.7231 -0.5408 0.9766 0.6306 0.602 0.3719
0. 3993 0. 1580 -0. 1897 -0.2488 -0. 2454 -0. 1948 -0. 1560 -0. 1070 -0. 0530 0. 0263 0. 00000 0. 0014

1706.3 2.97

0. 1562 -0. 0024 -0. 1493 -0. 2539 -0. 3501 -0. 4716 -0. 5965 -0. 7535 -0. 9172 -0. 9965 4
-1.0894 -1.1484 -1.2615 -1.2683 -1.2582 -1.0928 -0.8683 -0.6860 0.9191 0.7031 0.602 0.4267

0. 4752 0. 2254 -0. 1358 -0. 2151 -0. 2134 -0. 1746 -0. 1391 -0. 0986 -0. 0497 0. 0263 0. 00062 0. 0022
1706.3 3.42

0. 1645 0. 0044 -0. 1439 -0. 251B -0. 3512 -0. 4760 -0. 6057 -0. 7760 -0. 9597 -1. 0507 6
-1. 1519 -1 2277 -1. 3979 -1. 4097 -1. 4148 -1. 2328 -- 1. 0103 -0. 8316 0. 8674 0. 7747 0.602 0. 4777

0. 5455 0. 2977 -0. 0731 -0. 1759 -0. 1810 -0. 1473 -0. 1203 -0. 0815 -0. 0343 0. 0348 0. 00124 0. 0043
1708.7 3.84

0. 1657 0.0078 -0. 1416 -0.2519 -0 3571 -0. 4879 -0.6304 -0. 8070 -1.0107 -1. 1024 8
-1.2161 -1. 3044 -1. 5827 -1. 5929 -1.5963 -1. 3689 -1. 1516 -0.9699 0.8158 0.8277 0.600 0. 5285

0. 6036 0. 3558 -0 0312 -0. 1348 -0. 1568 -0. 1314 -0. 1059 -0. 0720 -0. 0261 0. 0367 0.00187 0. 0070
1696. 6 4. 23

0. 1594 0.0044 -0. 1473 -0. 2586 -0. 3681 -0. 4996 -0. 6445 -0. 8299 -1. 0406 -1. 1434 10
-1. 2446 -1. 4333 -1. 7570 -1 7772 -1. 7182 -1. 4772 -1, 2581 -1. 0878 0. 7460 0.8572 0. 602 0 5721
0. 6449 0.4005 0. 0094 -0. 0968 -0. 1389 -0. 1187 -0.0984 -0. 0647 -0.0260 0.0398 0. 00249 0. 0083

1708 7 4. 56

0. 1632 0.0094 -0. 135 t -0 2530 -0 3616 -0. 4954 -0.6441 -0.8296 -1.0411 -1. 1271 12
-1.2191 -1.6887 -1.9077 -1,9043 -1.8024 -1. 5817 -1.3528 -1.1940 0.6830 0.8936 0.605 0.6049
0.6880 0.4540 0 0529 -0 0641 -0. 1143 -0. 0976 -0 0825 -0.0558 -0.0173 0.0378 0 00311 0 01,4

1723. 1 4.83 "I.
0. 1537 -0-0008 -0. 1571 -0 2721 -0 3871 -0. 5211 -0.6807 -0.8730 -1 0791 -1. 1237 14

-1.4293 -1 9393 -2.0835 -2.0577 -1.9461 -1 7401 -1.4929 -1.3194 0.6413 0 9229 0.596 0.6485

0.7186 0.4782 0.0627 -0.0661 -0. 1193 -0. 1038 -0.0953 -0.0643 -0.0283 0.0301 0 0037 0.01491677.4 4.90

0 1479 0.0043 -0 1495 -0 2675 -0 3803 -0.5205 -0.6778 -0.6710 -1.0556 -1 1018 16
-1. 8471 -2.0318 -2 1514 -2. 1138 -1.9976 -1.8078 -1. 5616 -1. 3119 0.6010 0. 9395 0. 597 0. 6717
0 7343 0 5001 0. 0830 -0 0521 -0. 1085 -0. 0948 -0. 0880 -0- 0640 -0. 0264 0. 0300 0. 00435 0. 0189

1684 6 5. 11

ii 0. 1559 0.0111 -0 1387 -0 2548 -0.3659 -0.5005 -0.6520 -0. 8389 -0.9887 -1.0863 18
-7 0255 -2. 0675 -;! 1551 -,? 1130 -. 0002 -1. 80218 -1.5761 -1. 3707 0 5750 0.9402 0 603 0 67"5

0. 7433 0. 5127 0. 1003 -0. 0326 -0. 0949 -0. 0781 -0. 0781 -0. 0345 -0. 0158 0. 0364 0 00497 0. 0200
1711 1 50

0 1533 0 0094 -0 1429 -0 580 -0.3-97 -0.5119 -0 6643 -0 8504 -0.9926 -1 1213 20
-2 0945 -2. 1233 -2 1994 -2 1571 -2 0471 -1. 8643 -1. 6223 -1. 3971 0.5646 0.9369 0 601 0 6756
0 7440 0 *087 0 0940 -0 0414 -0. 1057 -0 1006 -0. ,88 -0 0685 -0. 0261 0 0297 0 00559 0. 0236

1701 5 5os0

0 1553 0 0061 -0 1430 -0 2545 -0 3642 -0 5065 -0 6591 -0 8443 -0 9918 -1.0792. 22!"-2 W 34 -2 1594 -2 2365 -2 1902 '-2 00*19 -1 01916 -1 6404 -1 4015 0 3737 0 93139 0 597 0 6694.
0.7400 0.3034 0. 0033 -0 0592 -0. 1207 -0. 1122 -0.0967 -0- 0710 -0,0333 0.0301 0. 00621 01 0254

I 1 9 7 48op
I j 0 105P 0 007 -0 1301 -0 p1402 -0 3567 -0 4940 -0 6432 -0 0313 -0 #906 -0. 9923 24

-1 9992 -2 1144 -2 1924 -2 1551 -2 0534 -1 (619 -1.6110 -1 3296 0 6027 0 9.128 0 600 0 642

0.7145 0 4755 0 0653 -0 0686 -0 1313 -0 1177 -0. 1023 -0 0770 -0 0364 0 0247 0 00683 0 0R62

1699. 1 4. 54

0 1494 0 0009 -0 I46 -0 2523 -0 3603 -0 4936 -0 6354 -0 80244 -1 0101 -1 0320 26
-1 4118 -2.0548 -2 1350 -2 1702 -2 0295 -1 8134 -1 5637 -1 2784 0 6237 0 87G5 0 601 0 603.
0.6743 0.4363 0.0313 -0.0936 -0 1510 -0.1392 -0 1189 -0 0903 -0.0441 0.0194 0 00745 0.0238

1706.4 4 17

0 197 0 011: -0 1373 -0 2449 -0 3524 -0 4073 -0 6256 -0 0166 -1 0216 -1 1070 20-1 0040 1. q657 -2.1 069 -2. 074 -2 0067 -1 7472 -1. 4945 -1 2077 0.6889 0 8665 0 598 0, 57391

0602 0 4124 0 0095 -0. 111 -0 1890 -0. 15*7-0.1271 -0.094? -0. 046 0 0231 0 00807 0 0230
1607 0 3,90

0. 1513 0.0077 -0 1328 -0 2411 -0 3427 -0.4747 -0.6067 -0 '1703 -0 9092 -1 0857 30
-1 1991 -1 5613 -t 9049 -1 9574 -1 9134 -1 6290 -1 3667 -1 0891 0 7338 0 8201 0 601 0 5269
0. 6052 0. ,359 -0 039b0 -0 1446 -0. 190: -0. 1649 -0. 1396 -0. 1023 -0. 032 0. 0179 0 00069 0 0220

1701 3 3.40
0 1601 0 0094 -0 1294 -0 2309 -0 3342 -0 4611 -0 SP" -0 7650 -0 9588 -1 0485 32
-1 1923 -1 2651 -1 6663 -1 7644 -1 809 -1 4Q53 -1 2279 -0.9486 0 7914 0 7796 0 601 0 4768
0. 5 44 0 3107 -0 0786 -0. 1734 -0.2106 -0. 1795 -0. 1514 -0 1091 -0 0549 0.-017 0 00931 0- 0094

1701.5 a 3 0

(contlnued ovarleaf)

I

___________ 1
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Table 3.7 (concluded)

ARA RUN 87 PSTEP I AGARD CASE I - OSC. PITCH
M=0.6 R=4.8*10 

w
&d/2v=O. 0808 V.2. 09 02. 41 Damping 40.06708

0. 1600 0. 0043 -0. 1328 -0. 2360 -0. 3308 -0. 4493 -0. 5695 -0. 7370 -0. 9131 -0. 9943 34
-1.1162 -1.2482 -1.4767 -1.5715 -1.6476 -1.3464 -1. 0840 -0.8132 0.8472 0.7287 0.601 0.4294

0. 4969 0. 2582 -0. 1209 -0. 2089 -0. 2326 -0. 1988 -0. 1649 -0. 1209 -0. 0634 0. 0145 0. 00994 0. 0166
1701.5 2.62

0. 1698 0. 0162 -0. 1205 -0. 2167 -0. 3079 -0. 4243 -0. 5476 -0. 7028 -0. 8649 -0. 9307 36
-1.0556 -1. 1653 -1. 3290 -1. 3881 -1. 3949 -1. 1467 -0.9020 -0.6421 0. 9192 0.6761 0.602 0.3774

0. 4432 0. 2052 -0. 1593 -0. 2336 -0. 2488 -0. 2100 -0. 1678 -0. 1222 -0. 0614 0. 0213 0. 01056 0. 0152
1706.3 2.24

0. 1622 0. 0078 -0. 1280 -0. 2231 -0. 3097 -0. 4251 -0. 5405 -0. 6848 -0. 8342 -0. 8953 38
-1.0056 -1. 0973 -1.2178 -1.2517 -1. 2195 -1.0175 -0. 7663 -0.5167 0.9600 0.6138 0.600 0.3342
0 3761 0.1368 -0. 2112 -0. 2740 -0. 2808 -0.2350 -0. 1908 -0. 1348 -0.0686 0.0163 0.01118 0.0121

1696.6 1.87

0. 1621 0. 0060 -0. 1281 -0. 2181 -0. 2995 -0. 4133 -0. 5185 -0, 6611 -0. 7867 -0. 8410 40
-0. 9530 -1. 0311 -1. 1177 -1. 1245 -1. 0718 -0. 8716 -0. 6271 -0. 3861 0.9972 0. 5440 0. 599 0.2803
0.2996 0.0671 -0. 2639 -0. 3148 -0. 3131 -0.2588 -0. 2113 -0.1502 -0.0857 0.0043 0.01180 0.0128

1696.8 1.48

0. 1647 0. 0094 -0. 1188 -0. 2083 -0. 2876 -0. 3973 -0. 4969 -0. 6252 -0. 7383 -0. 7855 42
-0. 8784 -0. 9375 -0. 9982 -0. 9796 -0. 9088 -0. 7147 -0. 4716 -0. 2353 1. 0340 0. 4753 0 602 0. 2361
0. 2289 0. 0044 -0. 3045 -0. 3450 -0. 3281 -0. 2657 '-0. 2100 -0. 1475 -0. 0783 0. 0128 0 01242 0. 0090

1706. 3 1. 16

0. 1712 0.0129 -0. 1182 -0 2016 -0. 2799 -0. 3854 -0. 4808 -0. 5982 -0. 7106 -0. 7565 44
-0. 8314 -0. 8876 -0. 9285 -0. 8910 -0. 8127 -0. 6084 -0. 3616 -0. 1216 1. 0564 O. 4129 0. 599 0. 1965

0. 1678 -0. 0552 -0. 3497 -0. 3769 -0. 3480 -0. 2782 -0. 2237 -0. 1590 -0. 0858 0. 0129 0. 01304 0. 0086
1691.8 0. 85

0.1649 0.0111 -0. 1123 -0 1951 -0.2711 -0.3743 -0 4605 -0.5703 -0.6684 -0.7224 46
-0. 7748 -0. 8205 -0 8492 -0. 8036 -0. 7089 -0 5078 -0 2661 -0. 0311 1. 0641 0. 3525 0 601 0. 1606

0. 1007 -0. 1072 -0. 3895 -0. 3996 -0. 3590 -0. 2897 -0. 2272 -0. 1613 -0. 0869 O. 0128 0 01366 0. 0060
1703 9 0. 6V2

0 1669 0. 0144 -0. 1079 -0. 1900 -0. 2621 -0. 3593 -0 4448 -0 5470 -0 t359 -0. 6878 48
-0. 7247 -0. 7582 -0. 7750 -0. 7197 -0 6174 -0. 4096 -0. 1699 0. 0429 1. 0670 0. 2960 0 604 0 1309

0. 0463 -0. 1532 -0 4146 -0. 4163 -0 3694 -0. 2923 -0 2303 -0. 1616 -0. 0245 0 0161 0. 01428 0 0051
1718. 3 0. 50

0. 1664 0. 0078 -0. 1183 -0 2019 -0 2752 -0. 36,9 -0. 4593 -0 0530 -0 6349 -0 6060 50
-0 7116 -0.7406 -0 7523 -0 6694 -0.5071 -0 3843 -0 1354 0 065F 1.0835 0 2 504. 0 599 0 ,145

0. 0095 -0. 1899 -0. 4422 -0 4354 -0 3826 -0 2990 -0. 2325 -0 1409 -0 0076 0. 0129 0 01490 0. 0019
1689.4 044

0 1672 0 0120 -0 1131 -0 1954 -0 2675 -0 35O2 -0 4454 -0 5411 -0 6233 -0 6703 52
--0 6972 -0.7190 -0 7240 -0-6619 -0 5596 -0,, 3615 -0 1131 00917 1.0668 0 2410 0 604 0 1166
0.0010 -0 1954 -0.4387 -0 4303 -0 3783 -0 2944 -0 2306 -0 1584 -0 029 0 0161 0.0153 0 0019

1715 9 0 oil

0 1613 0 0044 -0 22P -0 V066 -0 .2109 -0 371-Z -0 4615 -0 53160 -0 6387 -0 6809 54
-0 7096 -0 7265 -0 7299 -0 6691 -0 5644 -0 3607 -0 1172 0 087 1 0711 0 2520 0 602 0 1286
0.0094 -0 1914 -0 4362 -0 4277 -0.3737 -0 297 -0 2286 -0 1594 -0 0051 0 0111 0 01614 0 0000

1806 3 0 ?Q

0 1647 0 0061 -0 2205 -0 2083 -0.2842 -0 3021 -0 460 -0 5129 -0 663 -0 6910 56
-0 7349 -0 7484 -0 7535 -0 6944 -0 5965 -0. 4100 -0 162Y 0 0263 1 0711 0 2829 0 602 0, 1479
0 0432 -0 1644 -0 4159 -0 4125 -0 3670 -0 2809 -0 2201 -0, 15443 -0 0017 0. 0120 0 01676 0 0002

1.706 3 0 96

0 1582 0 0044 -0 1242 -0 2171 -0 9931 -0 3920 -0 4092 -0 6024 -0 6920 -0 1174 59
-0 7731 -0 70114 -0 7968 -0 74.27 -0 6565 -0 4807 -0 2357 -0 0447 1 06"3 0 3390 0 602 0 1044
0 1024 -0. 1140 -0 30 -0 3844 -0 3421 -0 2610 -0 2103 -0. 1444 -0.0785 0 0145 0 01739 -0. 0010

1703 4 I9

0 1609 0 0095 -0 1231 -0 2154 -0 2943 -0 3967 -0 4974 -0 6190 -0 7173 -0 7425 60
-0 807 -08024-0 0449 -08012 -0 7290 -0 5545 -0 3229 -0 1299 1 0602 0 41.23 0 604 0. 2205
0 1773 -0 0439 -0 3296 -0 3400 -0 3161 -0.2473 -0 1936 -0 1315 -0 0660 00263 0 01900 -0.0005

0 1577 0 0010 -0 1355 -0. 228- -0 3159 -0 4230 -0 !2&6 -0 6547 -0 77Vi -0 9080 62
-0 002P -0. 9159 -0 9412 -0 9075 -0 8483 -0 6816 -0 4575 -0 2687 1 0325 0 4830 0 602 0 2720
0 2407 0.0161 -0 2072 -0 393 -0.2923 -0.Z316 -0 1044 -0. 1234 -0.0640 0 0195 0 0186a2 -0.0004

2~o0 7 2 13

0 1603 0 0010 -0 1397 -0 2300 -0 3279 -0 4397 -0 5492 -0 6906 -0 9177 -0 8720 64
-0 9316 -0 "91 -1 031 -1 0177 -0 9771 -0 0076 -0. 506! -0 4092 1 0163 0 $603 0 600 0 3211
0.3,.47 0 0037 -0 2397 -0.2082 -0 2719 -0.2143 -0.1719 -0,1211 -0 0634 0.0213 0 01923 0 001169 1i 2S
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Table 3.8

ARA RUN 89 PSTEP I AGARD CASE 2 - OSC. PITCH
M=0.60 R=4.8*10

6  
GOC/2v=O.011 o =3. 16 o=-. 59 Damping +0.2455

0. 1627 0. 0061 -0. 1505 -0. 2646 -0. 3838 -0. 5182 -0. 6697 -0. 8723 -1. 0902 -1. 1889 8
-1. 3285 -1. 5651 -1. 8937 -1.8920 -1. 7677 -1. 5430 -1. 3200 -1. 1634 0. 7517 0.9185 0.599 0.6384
0. 7057 0. 4725 0. 0622 -0. 0501 -0. 0978 -0. 0773 -0. 0654 -0. 0348 -0. 0024 0. 0520 0. 00000 0. 0049

1691.9 D. 32

0. 1378 -0. 0078 -0. 1567 -0. 2800 -0. 4015 -0. 5419 -.0. 6754 -0. 9253 -1. 6769 -2. 5089 16
-2, 5277 -2. 4832 -2. 5465 -2. 4917 -2. 3959 -2. 2264 -1. 9491 -1. 7933 0. 3312 1. 0639 0. 596 0. 9280
0.9047 0.6958 0.2696 0.1018 0.0145 0.0008 -0.0112 -0.0026 0.0128 0.0470 0.00248 0.0258

1682. 3 7. 36

0. 0812 -.0. 0198 -0. 1464 -0. 2560 -0. 3570 -0. 4922 -0. 6138 -0. 7935 -1. 6529 -2. 3086 24
-2. 6732 -2. 6578 -2. 6800 -2. 6355 -2. 5499 -2. 3770 -2. 1117 -1. 9662 0. 2113 1. 0484 0. 596 0.8720
0. 8910 0. -821 0. 2490 0. 0727 -0. 0266 -0. 0523 -0. 0626 -0. 0557 -0. 0352 -0. 0009 0. 00496 0. 0457

1682 4 6 00

0. 1562 0. 0094 -0 1287 -0. 2323 -0. 3359 -0. 4741 -0. 6122 -0. 8091 -0. 9956 -0. 9921 32

-1.5205 -2.2389 -2.3028 -2-2873 -2.2113 -1.9557 -1.6950 -1.3254 0,6052 0.8935 0.594 0.6878
0.6811 0. 435c 0.0180 -0. 1218 -0. 1823 -0. 1719 -0. 1529 -0. 1132 -0.0648 0.0042 0.00745 0.0373

1667.8 3.8

0. 1677 0. 0196 -0 1081 -0. 1932 -0 2749 -0. 3804 -.0. 4774 -0. 6102 -0. 7396 -0. 7804 40
-0.8860 -0 9711 -1 0630 -1 0306 -0 9728 -0. 7651 -0 5370 -0 2698 1.0086 0.5098 0.599 0 2327
0.2596 0.0366 -0 2902 -0. 3413 -0.3276 -0.2698 -0. 2221 -0. 1506 -0.0825 0.0111 0 00993 0.0150

1691 9 0 01,

0 170 0 0349 -0 0802 *0 146,- -0 2072 -0. 2833 -0 3510 -0 4289 -0. 4678 -0 4949 48
-0 5169 -0 5169 -0. 4949 -0 3764 -0. 2275 -0. 0040 0 2363 0 4310 1. 0877 -,0 0430 0 601 "0 0525
-0.98 3] "-0. 4374 -0 0134 -'0 3559 -0 4645 -0,3527 -0 2698 --0 1835 -0 0955 0 0146 0 01241 0 0047

1701.4 -I. 30

0 1680 0 0144 -0. 1054 --0 1763 -0 2421 -0 3164 -0 3856 -C 4598 -0. 4835 -0. 4902 56

-0 4987 -0 4750 -C 43"28 -C 3215 -0 1 W) 1 0 0195 0 2676 0.4515 1 0676 -0 1426 0 601 -0 0V6b
-0. 3738 -0 5054 -0 6489 -0 5594 -0 4565 -0. 3333 -0. -573 -0. 1712 -0 0885 0 0178 0. 01490 -0 0073

1.10o 4 0 V'

0 i" C 012'? -0 1272 -0 P18 -0 3078 -0 4159 0 5154 -0 6454 -.0 7484 -0 7855 64
-0 81446 --0 8699 -0 8834 -0 8378 -0 7703 -0 6049 -0 3838 -0 1964 1 0644 0 478"7 0 602 0 2686
0 Z2374 0 0117 Xn 2942 -0 3091% -0 4,1758 -0 2116 -0 1610 -0 1070 -0.0479 0 0348 0 01738 .-0 0044

1706 3 . 30

Table 3.9

tR1A PVN 87 PGTFP 3 ACA1UD CARF 3 - ~ PIT~1CH
HMO 60 R-4 8010& WcAvuO 0810 A; -4 tt4 c ,0 44 0Ap tig '0 ;)63,0

0 1456 -0. 000.1 -0 1559 -0 2135 -0 3894 -0 5377 -0 6929 -0 8855 -1 049 -.-1 4,5 1 R
-2 1453# -2 IC.23 -2 L2?40 -7 .1049 -7 0'23 -t 9161) -1 674fl -1 4941 0 3(17 0 9044. 0 '!'98 10 (
0 7951 0. 5669 0 147% 0 0112 -0 03 -0 0s5, -0 0519 -0 0149 -0 0059 0 041t6 0 00000 u 1 6A

I q4 9

0 1 "M1 -0 007'/ -0 1 f?8' -0 117036 '0 11,00 -0 V272 -0 6729 -0 80931 -1 6t!79 -2 3365wf I I
-2 5640 -2 5434 -2 169! -2 5160 -2 4320 -2 26"1 -I 9965 -1 01,0 0 2aP 1 1 0450 0 596 0 9064

0 8871 0 0 41 0 V25I;'1 0 04 49 -0 0000 -0 0100 -0 065 -0 0100 0 0043 0 0420 0 (10R40 0 01- 7
• 679 0 6. 97

0 i-:1 -0 0110 -0 14.5 -0 -* 538 -0 3t.D7 -0 032 -0 6373 -0 7731 - I b73 -1 9307 24
sQQ' .- 4", 0l - v! t, 0 12-2 3537 -2 49R24 -;2 3109 -0 0410 -t 1'30 0 270 i 03 9 0 600 0 0440

0 07t1 !-6,1 0 ,2310 0 0654 -0 02"' -0 0415 -0 0517 -0 0449 -0 0210 0 0213 0 00496 0 0370
.69d0 6 !453

-2 3170 -2 4062 -P 4369 -2 3M23 -2 3241 -2 1070 -1 8796 -1 060 0 4761 0 9480 0 597 0 6905
0 7616 0 W74 0 1103 -0 0400 -0 100S ,0. 106d -0 1011 -0 0812 -0 0402 0 0147 0 0045 0 03,13

164 7 3It

0 162O 0011 -0 1I79 -0 ;?346 -0 I295 -0 4"J4 -0 5990 -0 7004 -0 "G6 -1 0957 ?.
-i 22 " -1 157 - 93:11 -1 q839 -1 .o -l 6602 -1 3940 -t 1110 0 7197 0 1364 0 601 0 4o;!
0 6249 0 307 -0 0126 -0 1261 -o :702 -0 16i& -0 1270 -0090t -0 0397 0 029. 0. 0093 0 0215

0 1711 0 01:1"9 -0 1P86 -0 2M9. --0 3195 -0 4416 -0 5616 -0 7104 -0 0906 -0 9605 40

-1 0701 -1 1753 -I 3304 -1 3910 -1 4071 -1 1707 -0 9281 -0 6775 0 9131 0 6430 0 599 0 4013
0 4613 0 0175 -0 4473 -0 1223 -0 2377 -0 1967 -0 1592 -0 1'L90 -0 0I3 0 U300 0 01,41 0 ViII

1643 4 243

0 1704 0 0017 -0 1310 -0 P325 -0 3205 -0 4424 -0 526 -0 7116 -0 0673 -0 9316 56
-1 033V -1l 1077 -I 2075 -1 9312 -1 312 -1 0516 -0 8131 -0 5"0 0 9514 0 6697 0 601 0 317,
0 43V5 0 1940 -0 100 -0 241 -0. 2300 -0. 134 -0 1496 -0 1022 -0 04"3 0 034q 0 01490 0 000

1701 4 ? 67

0 16r7 0 0045 -0 1443 -0 ;M5 -0 3556 -0 4908 -0 6345 -0 106 -1 0081 -4 !070 64
-1 9177 -I 3056 -1 5095 -1 6064 -1 6267 -1 4019 -1 1055 -I 0030 0 MO 0 0327 0 02 0 5433
0 6164 0 367 -0 0141 -0 110 -0 1460 -0. 1189 -0 0970 -0 043 -0 0=6 0. 04*7 0 01738 0 0048

1703 6 4.289
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Table 3.10

ARA RUN 128 PSTEP 1 AGARD CASEr - OSC PITCH
M=O. 755 R=55*106 4C/2v=0.0814 6(=0.016 %2.51 Damping +0.07790

0. 2056 0. 0453 -0. 0990 -0. 2050 -0. 2999 -0. 4158 -0 5256 -0. 8831 -0 8399 -0. 8005 4
-0. 7376 -0. 6636 -0. 5773 -0. 4466 -0. 2851 -0. 0681 0 1784 0. 3634 1 1623 0. 2413 0. 754 0. 1008
-0. 0003 -0. 2284 -0. 6316 -0. 7290 -0. 4183 -0. 3517 -0. 2555 -0. 1594 -0. 0718 0. 0416 0. 00000 -0. 0074

2336.0 1.09

0.2089 0.0551 -0.0803 -0.1751 -0.2600 -0.4778 -1.1719 -1.1411 -1.0537 -1.0242 8
-0. 9639 -0. 8741 -0.7965 -0. 6698 -0. 5504 -0. 3326 -0. 0889 0. 0944 1 1565 0. 5129 0. 755 0. 3436
0.2729 0. 0341 -0.3424 -0. 4249 -0. 3818 -0. 2735 -0 2071 -0 1295 -0. 0532 0. 0514 0. 00200 -0. 0056

2340 2 2. 34

0. 1996 0.0807 -0. 0370 -0. 1204 -0. 3522 -0. 5938 -1. 2510 -1. 1995 -1 1272 -1. 0794 12
-1. 0303 -0. 9616 -0. 8967 -0. 7470 -0. 6563 -0. 4184 -0. 1609 0. 0267 1. 1426 0. 5700 0. 757 0. 4001

0.3357 0.1015 -0.2786 -0.3779 -0,3595 -0.2713 -0-2124 -0. 1388 -0.0567 0.0488 0+00399 -0.0013
2348. 6 2. 01

0.2072 0.0713 -0. 0460 -0. 1152 -0. 1794 -0. 4018 -1. 2010 -1. 1442 -1 0602 -0 9984 16
-0. 9688 -0. 9095 -0. 8280 -0. 7057 -0. 5364 -0. 2807 -0. 0127 0. 1899 1 1547 0. 4308 0. 753 0. 2592

o 1825 -0. 0399 -0. 4265 -0. 5167 -0. 4697 -0. 3586 -0. 2746 -0. 1831 -0. 0831 0. 0330 0 00599 0. 0126
2331.5 0.52

0. 2139 0. 0613 -0. 0618 -0. 1480 -0. 2243 -0. 3154 -0. 3400 -0. 8619 -0. 8471 -0. 7695 20
-0. 7412 -0. 6982 -0. 6108 -0. 4434 -0.2403 0.0010 0. 2730 0.4749 1 1617 0. 1758 0. 755 -0. 0021
-0. 0766 -0. 2821 -0. 6502 -0. 7412 -0. 6083 -0. 4384 -0. 3178 -0. 2033 -0 0926 0. 0404 0. 00799 0. 0138

2339.8 -1.25

0. 2057 0. 0589 -0. 0621 -0. 1410 -0. 2064 -0. 2953 -0. 3792 -0. 4742 -0. 4903 -0. 4915 24

-0. 4606 -0. 3989 -0. 3187 -0. 1472 0. 0515 0.2933 0. 5303 0. 6981 1 1251 -0. 1065 0. 753 -0. 2425
-0. 3582 -0. 5088 -0. 8679 -I. 0357 -1. 0739 -0.466S -0. 3076 -0. 2040 -0 0991 0. 0391 0 00999 0.0044 t

2333.9 -2.41

0. 2138 0. 0634 -0. 0565 -0. 1408 -0. 2093 -0. 2839 -0. 3634 -0. 4417 -0. 4283 -0. 4258 28
-0.3793 -0.3072 -0.2301 -0.0711 0.1148 0.3422 0.5856 0.74%0 1.1066 -0.1788 0 758 -0 2911

-0,4307 -0.5506 -0.9321 -1,0862 -1. 1694 -0.3a48 -0.2815 -0. 1494 -0.0589 0.0573 0.01199 -0,0017
24 4. 8 -2. 00

0. 2183 0.0562 -0. 0763 -0, 1709 -0. 2519 -0. 3488 -0. 4458 -0. 5624 -0 5600 -0 5428 32
-0.5072 -0.4237 -0.3464 -0.11V54 -0.0174 0.1937 0.4470 0.6111 1 1413 -0.0371 0.757 -0.1525
-0.2924 -0. 4605 -0. 8239 -1.0154 -1. 0645 -0. 3366 -0. 2187 -0. 1463 -0. 0567 0 0538 0. 01399 -0. 0108

234 . 3 -0. 54

b

4,

If



Table 3.11

ARA RUN 218 AGARD CASE 6 - RAMP
M=0. 3 R=2. 7*106 c/v=0. 02545 Rad

0. 1542 0. 0110 -0. 1266 -0. 1432 -0. 1927 -0. 2973 -0. 3414 -0. 4184 -0. 4405 -0. 4350 136
-0. 4515 -0. 4790 -0. 4680 -0. 4129 -0. 2973 -0. 1597 -0. 0165 0. 1982 1. 0186 0. 0330 0. 304 0. 0232

* -0. 2478 -0. 3524 -0. 4460 -0. 3799 -0. 3469 -0. 2698 -0. 1982 -0. 1542 -0. 0661 -0. 0165 0. 00000 0. 0009
F 523.1 -0.03

0. 1486 0. 0057 -0. 1486 -0. :772 -0. 2344 -0. 3430 -0. 4001 -0. 0087 -0. 5430 -0. 5316 145
-0. 5716 -0. 6002 -0. 6116 -0. 5659 -0. 4744 -0. 3658 -0. 2401 -0. 0229 1. 0632 0.2458 0. 298 0. 1331
-0. 0629 -0. 2001 -0. 3544 -0. 3087 -0. 2915 -0. 2286 -0. 1601 -0. 1315 -0. 0457 -0. 0114 0.00352 -0. 0028

503.8 1.08

0. 1406 -0. 0056 -0. 1319 -0. 1856 -0. 2362 -0. 3656 -0. 4162 -0. 5230 -0. 5961 -0. 5849 148
-0. 6355 -0. 6805 -0. 7086 -0. 6974 -0. 6468 -0. 5680 -0. 4724 -0. 2643 1. 0348 0. 4218 0. 300 0. 2097

0. 1125 -0. 0450 -0. 2475 -0. 2418 -0. 2475 -0. 1856 -0. 1350 -0. 1012 -0. 0394 -0. 0056 0. 00469 -0. 0024
512. 1 1.86

0. 1454 -0, 0168 -0. 1790 -0. 2126 -0. 2741 -0. 4084 -0. 4867 -0. 5986 -0. 6825 -0. 6937 151
-0. 7664 -0. 8279 -0. 8671 -0. 8950 -0. 8894 -0. 8615 -0. 8279 -0. 6265 0. 9845 0. 5986 0. 301 0. 3253
0.2853 0. 1063 -0. 1454 -0. 1846 -0. 1790 -0. 1343 -0. 1007 -0. 0893 -0. 0112 0. 0056 0 00586 -0 008

514.8 2.94

0. 1494 -0. 0057 -0 1839 -0. 2299 -0. 2989 -0. 4541 -0. 5403 -0. 6782 -0. 7932 -0. 8276 154
-0 9139 -0.9828 -1.0748 -1 1495 -1.2012 -1.2165 -1 2587 -1.0805 0.9139 0.7932 0 297 o.450o
0. 4943 0. 2816 -0. 0287 -0 0920 -0. 1264 -0. 0977 -0. 0632 -0. 0460 0. 0172 0. 0230 0 00703 -0. 0051

501 1 4 14

0 1352 --0 0353 -0 2057 -0. 2703 -0. 3526 -0. 5172 -0. 6053 -0. 7640 -0. 9050 -0 9638 156

-1. 0637 -1. 1342 -1 2635 -1 3575 -1 4751 -1. 5515 -1. 6338 -1.4858 0. 8463 0 8933 0.294 0 5494
0 5994 0 3702 0 0353 -0 0588 -0 1058 -0.0764 -0 0529 -0 0411 0.0118 0 0118 0.0078.? -0.00L6t

490 1 i. 97

0 1463 -0 0054 -0. 1043 -0. -2331 -0. 3252 -0. 4770 -0 5637 -0. 7318 -0 8781 -0. 9486 158
"1 06!4 -1 1417 -1 2901 --1 4201 -1 5'90 -1 7399 -1 8917 "-1.7562 0 6938 0 9377 0 306 0 5959
0 6830 0 4824 0 1409 0. 0325 -0. 0W717 -0. 0054 -0 0000 -0 0000 0. 0488 O. 0434 0 00860 -0. 0048

531 3 5 8 4

0 151q -0 0112 -0 1958 -0 2573 -0 3Z1-4 -0 5"03 -0 6265 -0 8056 -0 9846 -1. 0685 160
-1 1971 -1 3146 -1 4768 -1 6670 -1 944 -2 1313 -2. 3495 -2 2600 0 5818 1 0791 0 301 0 7064
0 703P 0 5986 0 2294 0 0951 0. 0224 0.0224 0 0336 0.0200 0. 0615 0 0503 0 00938 -0 004t)

514 8 6 72

0 1158 -0 02P9 -0. Q050 -0 2801 -0. 3944 -0 ,5773 -0 7145 -0. 9009 -1 1375 -1 2404 163
-1 411i -1 5605 -I *1949 -2 0692 -2.4236 -2 7666 -3 1439 -3 1324 0 3087 1 0hl 0 290 0 8499
0 9009 0 7259 0 3315 0 1715 0 0686 0. 0572 0 0572 0.0400 0.0606 0 0457 0 01055 0 0005

0 10W -0 0143 -; 71PP -0.3029 -.0 4P7W -0 6116 -0 7402? -0 9*1 1 -1 2147 -1 1604 109 10

-1 5319 -1 IQ05 ;I V835 -2 3093 -2 IP65 -3 1152 -3 6925 -3 6983 0 0915 1 0975 0 2t98 0 9454
0 9431 0 0060 0 4050 0 a206 0 1086 0 0857 0 0743 0 057a 0 0743 0 0457 0 01133 0 001%

5038 0 91

0 006b -0 0390 -0 P308 -0 3104 -0 4377 -0 6424 -0 7959 -1 0347 -1 3189 -1 45b3 167
-1 65113 t- I U64Q7 -2 j. 60.t -2 550;2 -,') 0642 -3 5S?76 -4 Z%113 -4 3376 -'0 12411 1 0571 lb Z90 oxI
0 9664 0 0527 0 4710 0 J729 0 1470 0 1194 0 0966 0 0602 0 0910 0 0512 0 61212 0 00W

06 6 9115,

0 040 * 0339 ,-0 k40 -0 ,'3 -0 4*3 -0 6611) -0 8199 -1 07431 ..l 3966 -1 5493 169
-I 1769 -I 012 -2 3"0a - "875 -3 3012 -3 9104 -4 0004 -4 9531 -0 36714 1 0404 0 2" 1 120
0 9T2 0 0103 0 1,42 00 3306 0 W'92 0 1&40 0 1357 0 t040 0 1131 0 060;11 0 0OIP9'0 0 O0 A4

509. 4 to do

0 0747 -0 0460 -0 2414 -0 3440 -0 4770 -0 6914 -0 0736 -I 1554 -1 5058 -1 6783 111
-j 9312 -2 6%070 -2! 5740 -3 011V7 -3 112 79 -4 4659 -3 4406 -5. 7302 -0 6250 "941 0 ;:91 1 231
1 0460 0 928 0 6322 O.4130 02O701 0 2104 0 1702 0 13i2 0 1322 0 0747 0 0369 0 000

101 1 11 It,

0 061 ,, -0 0392 -0 230 -'0 3300 -0 4619 -0 6936 -0 0910 -1 1003 -1 5551 -1 76 173
-2 0139M -a 350 -2 7242 -3 315 -4 0947 -4 8610 -D 9374 -6 3042 -0 W030 0 8?6 0 301 1 30464 0 9342 0 9789 0 6713 0 4%31 0 909 0. p014" 0 2.14 0 1510 0 1510 0 0703 0 01447 0 0066

5149. 12 3,

0.0455 -0 05!12 -0 245 -9 3411 -0 4932 -0 7277 -0 430 -1 250Y -1 6771 -1 98uo 175
-9 110 -Z 511 -2 1675 -3. 6440 -4 3423 -5 4;1 | -6 6286 -7 6Z33 -1 19ti 0 3r59 0 299 I 4451
0 9431 1 0403 0 7618 0 4S1 0 36:W 0 3107 0 5541 O. 176 0 10 0 0910 0 01S25 0 0069

W6 5 6 13 W)

-0 034 -0 0935 -0 "630 -0 3957 -0 5610 -0 9240 -- 05177 -1 390) .1 70 -2 1272 178
-2 4&03 -P 0010 -3 4595 -4 3069 -5 2419 -6 2930 -0 0937 -Q 7015 -1 7006 0 6194 0 294 1 668
0 807 1 0694 0 832 0 614 0 434 0 35 S 0 Z433 0 2162 0 1920 0 0935 0 01642 0 003b

49 9 Is 54

.,

I. .
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Table 3.12
ARA RUN 227 AGARD CASE 7 - RAMP
M=0.57 R=4.6*106  

, c/v-=0.0044 Rad

0. 1899 0. 0429 -0. 0776 -0. 1552 -0. 2279 -0. 3072 -0. 3881 -0. 4822 -0. 5450 -0. 5334 151
-0. 5979 -0. 5648 -0. 5599 -0. 4806 -0. 3501 -0. 1354 0. 0661 0. 2874 1. 1082 0. 1107 0. 613 0. 0282
-0. 1453 -0. 3154 -0. 5202 -0. 4905 -0. 4129 -0. 3055 -0. 2345 -0. 1552 -0. 0694 0. 0347 0. 00000 0. 0018

1743.8 -0.01

0. 1933 0. 0413 -0. 0859 -0. 1751 -0. 2544 -0. 3370 -0. 4294 -0. 5418 -0. 6343 -0. 6425 169
-0. 7235 -0. 6871 -0. 7069 -0. 6557 -0. 5434 -0. 3551 -0. 1553 0.0611 1. 1133 0. 3138 0.613 0. 1363

0. 0512 -0. 1454 -0. 3931 -0. 3981 -0. 3436 -0. 2593 -0, 1966 -0. 1272 -0. 0529 0. 0429 0. 00698 0. 0014
1743.6 0 98

0. 1919 0 0410 -0. 0935 -0. 1854 -0. 2723 -0. 3707 -0. 4790 -0. 6184 -0. 7382 -0. 7693 180
-0. 8743 -0. 8514 -0. 9088 -0. 8924 -0. 8251 -0. 6496 -0. 4708 -0. 2264 1. 0826 0. 5216 0. 615 0. 2540

0. 2641 0. 0377 -0. 2575 -0. 3035 -0. 2789 -0. 2116 -0. 1624 -0. 1066 -0. 0344 0. 0476 0. 01126 0. 0043
1755. 7 1 97

0. 1885 0. 0347 -0. 1058 -0 2084 -0. 3076 -0. 4134 -0. 5391 -0. 7012 -0. 8533 -0. 9178 189
-1. 0468 -1. 0501 -1. 1527 -1. 1725 -1. 1510 -0.9823 -0.8136 -0. 0689 1. 0286 0 6946 0.612 0.3798

0. 4432 0. 2067 -0 1406 -0 2166 -0. 2150 -0. 1703 -0. 1306 -0. 0827 -0. 0215 0. 0496 0. 01475 0. 0059
1741. 5 2. 93

0. 1921 0 0331 -0. 1143 -0 2219 -0. 3295 -0. 44(38 -0. 5945 -0. 7733 -0. 9737 -1. 0664 197
-1 2271 -1 2486 -1 4722 -1. 4788 -1. 5450 -1.3018 -1. 1509 -0.9141 0. 9356 0 8330 0.612 0 5050
0.5962 0.3511 -0. 0265 -0 1292 -0. 1507 -0. 1225 -0. 0927 -0. 0546 -0. 0050 0.0580 0 01786 0.0083

1739 2 3.94

0. 1805 0.0331 -0 119 -0 2318 -0.3444 -0.4720 -06276 -0.8230 -1 0317 -1.1128 203

-1 3496 -1. 7586 -1. 8216 -1 8696 -1. 7901 -1. 5699 -1. 3993 -1. 1724 0. 8462 0. 9191 0 612 0. 6105

0-6988 0 4587 0 0696 -0 0530 -0 0977 -0. 0R28 -0. 0629 -0.0348 0.0083 0.0613 0.02019 0.0129
1739 2 4.79

0 1755 0 0315 -0 1176 -0 2335 -0. 3544 -0. 4852 -0.68376 -0. 8214 -1. 1377 -1. 7603 210
-2.15V'8 -2 1114 -2. 1561 -2. 1213 -2.0236 -1.8497 -1 6692 -1.4341 0 7203 0.9952 0.61a 0 7425

0.7949 0.5746 0 1656 0 0199 -0.0364 -0.0381 -0.0315 -0.0116 0.0232 0.0662 0.02291 0.0212
1739 2 5 79

0 1648 0 0250 -0 1232 o-0 2390 -0 3580 -0.4840 -0.6211 -0.8925 -t 5152 -2 3228 216
-2. 4027 -2. 3544 -2 3544 -2 3128 -2 2412 -2. 0514 -i. 8699 -1. 6184 0 6094 1. 0540 0 610 0 8628

0 8792 0.6694 0 R514 0 0899 0.0117 0.0017 -0.0017 0.0003 0.0366 O.0699 0 02523 0 0263
1729 7 6 70

0 0747 -0.0000 -0 1279 -0 7408 -0 3753 -0.6027 -0. 9083 -1 2254 -1. 5575 -1.6854 23
-1 7983 -2.'0272 -2 5239 -2 4873 -2 4159 -2. R482 -2 0324 -1. 9.45 O 4666 1. 0843 0 610 0 9373
0 9315 0. 7356 0. 3254 0. 1461 0 0590 0.0349 0. 0183 0 0199 C 0315 0,0465 0 02795 0. 0153

1734 5 7 75

-0 0616 -0 1002 -0 26.4 -0 3911 -0 6026 -0 7075 -0 8224 -1 0421 -1 3784 -1 5698 229
1 7397 -;! 0410 -2.6353 ,-2.6054 -2 5404 -2 38I73 -2. 1959 -2. 1492 0 3446 1 1037 0 609 0 9078

0 9706 0 7774 0 3662 0.1798 0,0749 0.0303 0.0193 0,0017 0 0033 -0.0050 0 03028 -0.0102

1730 0 9 73

-0 079 -0 1527 -0 2467 -0 3256 -0.4163 -0.6143 -, 0325 -1 1749 -1 4704 -1. 5912 235
-1 6265 -1 7093 -t £11 -2 6117 -; 6470 -2.5060 -2 3331 -2 3079 0 2383 1 1229 0 606 0 9581
0 970 0.8107 0 3978 0 2031 00839 0 0436 0.0117 -0,0117 -0.0201 -0.0420 0.03261 .02

1715.0 9.60

-0 1892 -0 ;V50 -0 2060 -0 3806 -0 5642 -0 ?159 -0 9443 -I 1-3 1 4267 -1 47U? 241
-I 5512 -1 6493 -1 7047 -1 2671 ,,2 6063 -2 5245 -2 4716 -2.4063 0 138 I 1386 0 601 0 923

I 0176 0 8404 0 4261 0 2131 0 0938 0.0426 -0 0034 -0.0350 -0 0563 -0 0972 0 03493 -0 0147
1689.6 tO 63

-0 2%64 -0 3000 -0 4330 -0 46V9 -0 5455 -0 6529 -0 7654 -1.0466 -1 5018 -1 3944 249
-1 5103 -1 6961 -2 0694 -t 7410 -2. 075 -2 8040 -2 4444 -2 5859 0 0324 1 1455 0 801 I 0090

1 0403 0 W047 0 4739 0 2506 0 1210 0. 045 0 0034 -0 0409 -0 0733 -0 1301 0 0.1765 -0 0170
1689 5 11 74

-0 4212 -0 4505 -0 5644 -0 506 -0 5783 -0 7380 -0 6389 -1 0132 -I 1030 -1 21 P14
-1 42 5 -1 6930 -I 990 -2 3044 -2 8464 -2 0533 -2 6997 -1 690 -0. 0742 1 1479 0 595 0 9920
1, 0101 0 9959 0 49 0 37 0 1033 0. 03 -0 042 -9).O(.9g -0 A329 -0.31in 0 03"9 -0 0340

1"o 5 12 70

-0 3795 -0 4944 -0 5791 -0 6050 -0.6655 -0 7917 -0 8411 -1. 0440 -1. 1391 -1 2463 260
-1 5989 -1 7631 -1 9342 -2 2471 -& 8434 -2 0227 -1 7721 -2 0012 -0 1590 1 1443 0 595 1 0459
1 0645 0 9202 0 5237 0 2904 0 1393 0 0622 -0 0069 -0.0674 -0. 1210 -0. 2109 0 0432 -0. 0466

166 2 13 12

-0 5402 -0 6507 -0 S910 -0. 6602 -0 6349 -0 7922 -0 7857 -0 0910 -1 1909 -1 1347 Z616
-1 2014 -1.4767 -1 6065 -1,0433 -2,2344 -2 6045 -2 8710 -2 4063 -0 2570 1 16t0 0 590 1 0192

t 0779 0 9134 05602 0.3227 0 1449 007 -0 0010 -0 0754 -0.1380 -0. 2420 0.04464 -0 0725
1642.1 14 80

.

a . .
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Table 3.13

ARA RUN 230 AGARD CASE 8 - RAMP
M=0.56 R=4..*10

6  
Jcc/v-0.01492 Rad

0. 1932 0. 0446 -0. 070 -0. 1486 -0. 2246 -0. 2,,3 -0. 374-6 --0. 4724 -0. 535! --0. 5285 64
-0. 5814 -0. 5533 -0. 5533 -0. 4691 -0. 3353 -0. 1156 0. 0826 0.2940 1. 1099 0. 1090 0. o13 0.0250
-0. 1470 -0. 3122 -0. 5170 -0. 4905 -0.4113 -0. 2*73 -0. 226 -0. 1486 -0. 0628 0. 0380 0. 00000 0. 0014

1743. 7 "0.01

0. 1896 0.0316 -0. 0931 -0 1829 -0. 2611 -0. 3476 -0. 4390 -0. 5504 -0. 6336 -0 6452 74
-0. 7018 -0. 6668 -0, 6885 -0.6253 -0. 5105 -0. 3226 -0. 1231 0. 0815 1. 1125 0. 2877 0. 610 0. 1305

0. 0216 -0. 1680 -0. 4157 -0. 4174 -0. 3492 -0. 2627 -0 1979 -0. 1280 -0. 0532 0. 0349 0. 00388 -0. 0009
1731.9 1.08

0. 1805 0. 0248 -0. 1076 -0. 1987 -0. 2848 -0. 3776 --0. 4769 -0. oO61 -0. 7088 -0. 7336 77
-0. 8065 -0. 7767 -0 8131 -0 7717 -0. 6806 -0. 5084 -0 3213 -0 0927 1. 1045 0 4372 0. 612 0 2184

0. 1755 -0. 0397 -0. 3179 -0. 3428 -0. 2997 -0. 2236 -0. 1722 -0. 1093 -0. 0431 0. 0348 0. 00505 -0, 0013

1739 1 1.90

0. 1832 0. 0266 -0. 1132 -0 214S -0. 3147 -0. 4196 -0 5345 -0. 6894 -0 8293 -0. 8859 80
-0. 9758 -0. 9609 -1 0208 -i. 0058 -0 9625 -0. 7977 -0. 6228 -0. 4163 1. 0924 0. 6328 0. 610 0. 3458

0. 3747 0 1365 -0. 1865 -0. 249 -0. 2331 -0. 1732 -0. 1349 -0. 0799 --0. 0200 0 0466 0. 00621 -0. 0006
1729 5 2 96

0. 1850 0. 0330 -0 1140 -0. 2213 -0 3270 -0. 4393 -0 5731 -0 7333 -0. 9017 -0. 9827 82
-1 0884 -1 0884 -1 1776 -1 1825 -1. 1776 -1. 0223 -0. 8621 -0. 6639 1 0553 0 7481 0. 613 0 4347

0. 5054 0. 2626 -0. 0941 -0. 1767 -0. 1784 -0. 132I -0. 0974 -0. 0545 -0. 0050 0. 0562 0. 00699 O. 0005
1-743 8 1 83

0 1794 0 0266 -0 122Q -0 2391 --0 .,.504 -0. 4716 -0. 6161 -0 8021 -- 1 0064 -1 1127 84

-1 242Z -1 2638 -1 4099 -1 4548 -1 4707 --1 2704 -1. 1127 -0.9083 1.0230 0 9602 0 611 0 5422

0 6277 0. 3853 0 0017 -,0 0996 -0. 12.29 -0 0915 -0. 0681 -0. 0332 0 0003 0 0648 0 00776 0 0,I0
1734.2 4 73

0 1730 0 0266 -0 1281 -0 2478 -0 3675 -0. 5006 -0 6561 -0.8581 -1 0727 - 1 2124 E,

"1 4618 -1 6348 -1 '213 -1 8510 --1 7'46 -1 141 -i 3604 -1 1874 0 q762 0 954o t o I1 0 65 2
0 7434 0-5106 0 1081 -0 0233 "0. 0665 -0 0466 -0 0333 -0 0003 .0241' 0.06W2 O. 0034 0. 0049

1731 7 1 67

0 161t 0 0272 -0 1245 -0 2,474 -,0 i-02 -0 500P. .C-i461 -0 0470 -1 1746 1 407) 0 8
-2 0231 "1 9380 -1 9839 .-2 0232 -I '919

, 
-,1 152-1 10514 -1. 2.6 0 9'OeL2 1 0 0 616 0 7628

0 8178. 0 6094 0 1933 0 0475 -o 0033 -0 Q)0J 0 0033 0 021a 0 04P4 0 0754 0 00931 0 0104
C!'w80 6 60

0 1613 0 0;200 -0 1314 -0 2561 -0 3825 -0.51,, -0 6569 -0. V446 -1 5782 -2 3116 17
-2 304S -2 ,,34 -P 2!84 -2,' 44 -2 . 1586 -I 193 -1 ?71! '1 56-" 0 0498I 3 0776 0 611 0 '"0U
0 906.3 0.7060 0 2G27 0 1214 0 049 O 03021 00W33 0 03990 36 3 0 85 0 01009 055

1731 8 7 57

0 14'10 0 0301 -O 32'3 -0 2408 0 3504 -0 5215 -0 872- 16-1 6tqc *2 1701, 40
-2 4Z46 -2 4030 -2 4014 -2 42I79 - 3316 -2. 1722 -1 7313 -i P1-t? 0 7005 1 1143 0 611 1 03,'1,

0 971 0 780S 0 ,'020 0 1977 0 1030 0 0030 0.0161 .0644 00731 0. 008 0 01006 0 01.
|1734 2 L, 55

0 074. -0 0OQO -0 160L -0 W20 ---0 :,3 -0 q049 -1 2P3 1' 4366 -1 500 -1. 5753 94

-1i 7'240 -3 99 17 393 -2 Vt ?0 -2 40686 -2 33) v3 336 -2 14510 0 69U2 1 13V5 0 63 I 4 1209
I f0089 0 0336 0 4310 0 2444 0. 1434 0. 1122 00839 0.0710 0,0?60 0 030 0 01164 -0 0192

1 744 1 9 25

-0 07 ., -0 -119 V ,) 410* -0 5141 --0 009 --1 0 1 '1 - 105 -1 3430 -1 343? -3 74944 9f,

1 006 0 8924 0 4912 0 7947 0 10xtI 0 -349 0 0432 0 0649 0 0016 0 0117 0 01241 -007.0.

1 3/9",1 -l 1135633 -230 004o' -'3 21,3 -. 151200 6 0.0 -2 530.60 3 1472 * 609013 67 * 40

3797 10 56

-0 :7 ,W1 -0 2033 -0 3219 -0 4; 60 -0 5+76 -0. 0414 -3V 11,2 -1 2680 -1 ,27 -1 674. 10 -
-1 -'-;I -3.628 -1 6-131 -t oSI2 " k4U -2 36 79 -2 5110 -." 6143 o 546 1 1637 0600 1 0933

I 0712 0 9333 0 33 0 3112 O 1S" 0. 1214 0 0660 0.0111 -0.0100 -0 090.0 0 01119 - 04,01
372 0 116

-0 -'0 31137 -0 440 -*0 6r-1Si -0 lcots -0 U435 '-0 81,02 -1 3086 -1 637a - 153770 10
-1 "(13 - 0 9 -'1 753 -t 3537 -1 645 -2 7313 -2 6056 -2 6017 0 4668 t 1436 0 60 3169

I 0it 0 9303 0 !440 0 321-7 0. 1024 0 136? 0 07 0 0133 -0 03.0 -0, 100 0 01396 -0 0599
1127 12 69

Q- 54933 -0 "149 -0 7003 -0 4895 -O 7321 -0 764i -0 9249 -1 03116 -1. 4479 -1 4915 102

-3 5235 1, i 670-1 - 41911 -3 593 - t 6Z82 -2 7541 --2 7070 -2. 112L 0 C040 1 1717 0 415 t3 2987

1730 9 13 77

-0 40700 -0 59312 -0 6578 -0 1.765 -0 7071 -0 751 -0 9703 -0 9693 -1 35M4 -1 23 1 104
-1 3972 -3 6709 -1 6760 -1 6590 -1 6947 -2 5037 -2 elGO -2.7"79 0 3230 a 3711 0 602 3 0878

I t235 1 0063 0 6136 0 3773 0 2227 0 1343 0 0544 -0 02.04 -0 0II4 -0 2159 0 01!2 -0 0775
3674 5 14 0

*1.

I
I

I.
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Table 3-'4

ARA RUN 6 QUASI-STATIC
M=O. 3 R-2 6*106 cC4=10. 75 Of.0=11. 16 1. 8 Ht

0. 1349 -0. 0066 -0. 1537 -0. 1877 -0. 2443 -0. 340: -0. 3801 -0. 4424 -0. 4594 -0. 4707 80
-0. 4933 -0. 5046 -0 4877 -0. 4367 -0. 3179 -0. 1764 0.0160 0. 2254 1. 0008 -0. 0292 0 299 0. 0140
-0. 2783 -0. 3858 -0. 5103 -0. 4480 -0. 314 -0. 3065 "0. 2500 -0. 1764 -0. 1198 -0. 0292 0.00000 -0 0013

ts. 9 -0. 12

0. 1233 -0. 0306 -0. 1962 -0. 2317 -0. 2908 -0. 3973 -0. 4447 -0. 8275 -0 5571 -0. 5926 84
-0. 6221 -0. 6517 -0. 6576 -0. 6340 -0. 5334 -U. 4328 -0. 2554 -0. 0483 1.0461 O 2002 0. 293 0. 1125
-0. 0779 -0. 2435 -0 4328 -0. 4032 -0. 3559 -0. 2968 -0. 2534 -0. 1784 -0. 1252 -0. 0424 0.01110 -0. 0012

486.8 0. 69

0 1q092 -0. 0412 -0. 2031 -0. 2610 -0. 3304 -0. 4460 -0. 5097 -0. 6138 -0. 6716 -0. 7121 88
-0. 7699 -0 8335 -0. 8740 -0. 9029 -0. 8798 -0 8220 -0. 6947 -0. 4981 0. 9247 0. 4851 0. 296 0. 2514

0. 1901 -0. 0007 -0. 2,41 -0. 3015 -0. 2899 -0. 2436 -0. 2147 -0. 1569 -0. 1164 -0. 0470 0. 02220 0. 0016
498 0 2.04

0 1232 -0 0244 -0 "fl76 -0. 2595 -0. 3270 -0. £564 -0. 5127 -0. 6365 -0. 7153 -0. 7547 90
-0 8371 -0. 9179 -0 9686 -1. 0361 -1. 0473 -1. 0473 --0 9573 -0.7941 0.7929 0.6128 0 300 0 3288
0 3258 0. 1232 -0. 1807 -0 2201 -0. 2370 -0. 2088 -0 1694 -0 1075 -0. 0794 -0. 0287 O. 02775 0. 0010

511. 8 2. 84

0. 1259 -0 0351 -0. 2077 -0. 2824 -0 3515 -0. 4952 -0. 5758 -0. 7023 -0. 7943 -0. 8806 92"
-0 943e -1 0704 -1. 164 -1.?602 -1.3292 -1.1694 -1.3464 -1.2026 0.6435 0 7643 0 297 0 4340
0. 4767 0 2582 -0 0869 -0. 1617 -0 1904 -0. 1502 -0. 1387 -0- 0984 -0. 0696 -0. 0179 0. 03330 U. t00i

500 8 3. 65

0 0977 -0 0585 -0 2J77 -0 3245 -0. 3q97 -0 5305 -0 6368 -0. 7756 -0 9078 -0 9895 94
-1 0763 -1. 1572 -1 3654 -1 4905 -1. 6488 -1. 7413 -1. 7934 '-1 6719 0 3348 0. 8668 0 296 0. 5268
0 6066 0. 3753 -0 0064 -0 1163 -0. 1626 -0. 1510 -0. 145a -0 t047 -0. 0758 -0. 035.3 0 03885 0. 0034

498 0 4. c,2

0 102t5 -0 0405 -0 234V -0.3093 -0.4065 -0.555Z -0. 6639 -0. S210 -0. 9784 -1.0814 96
-1. 1957 -1 3158 -1 4417 -1 7505 -1 9507 -; 1 22 -2 2138 -a. 1951 0. 0062 0 9546 0 R98 0 6376
0 7259 0 5085 0 seOs -0 0119 -0. 0977 -0. 0977 -0. 0862 -0 0576 -0. 0403 -0 0119 0 04441 0 0040

5036 5 61

0 P1 O' ,0 0716 -0 2609 -0 17614 -0 4619 -0 6334 --0. 576 -0 9410 -1. 1361 -t 266:1 90 74
1964 -1 5560 -1 7512 -t 9070 -2 4495 -Z 6975 -Z 9518 -' 9577 -0 5366 1 0294 0 J93 0 775
0 039;' 0 6181 0 1806 0 0526 -0 04;0 -0 0598 -0 077" -0 0539 -0 039 -0. 0243 0 04995 0 00&1

407 0 6-39

0 066 -3 0539 -0 2.1 -0 351 -0 4702 -0. 6545 -0 7794 -0 9934 -1 2254 -1 3740 t00
1 5,146 -1 74V7 -1 1065 -2 2957 -2 7833 -3 2412 -3 5861 -3 4634 -1. 1243 1 0870 (1 2QP 0 881R9
0 9273 0 7548 0 3029 0 1364 C. 0234 -0 0063 .-0 0301 -0. 0063 -0 0123 0 ID06, 0 05551 0 00'2

494 3 7 &7

0 0e1t') .o '0 04.5 0 :Z70 .0 .'1766 -0 5000 -0 6764 -0 9293 -1 05127 _I 323! -I 4926 102
-1 673 -1 9051 -2 1932 -2 51871 -3 0692 -3.0217 -4 2391 -4 4155 -1 7523 1 0462 0 2I94 0 9937

0 9560 0 0169 0 3477 0 "Q06 0 0702 0 0330 0 0056 0 0056 -0 0062 0 0036 0 06104 0 0075

0 0199 -0 0394 -0 2307 -0 3499 -0 4613 -0 65 5 -0 0100 -1. 0519 -1 ,30. -1 s1n 4104 7,

-1 7269 -1 9,07 2 M937 -2 7450 -3 3131 -3 124 -4 7?5 -1 0512 -2 4019 0 9043 0 3.1 1 004H 11
0 9337 0 0549 0 4612 0 2 43 0. 1237 0 0707 0 006 0 0449 0081 0 0225 0 06662 0 01;4

510 97N

0 *0M -0 0581 -0 2441 -0 51729 -"0 'ROM -0 1070 '0 9892 -1 144Y --1 411379 -1 69'I" 106
11I Z2)- 143 -2 *542 1 -3 144W -3 092 1 4 4904 -5 772 -b 2362 -3 2721 0 9074 0 296 1 1924

0 914 0 93 0 5464 0.3313 0 ;960 0 1201 0 W7; 0 040 0 0349 0 01U5 0 0716 0 014(.

0 062; 4 -0 0450 -0 214r -0 3391 -0 4804 -0 6096 -0 118 -1 143w -1 5151 -I 7469 10"
-1 32 -2 2123 -2 ?218 -3 1186 -4 1330 -4 06t0 -'6 6660 -7 3445 -3 "01 0 8709 0 00 I 34?',
0 9501 0 9614 0 610 0 4016 0 2433 0 1755 0 124*6 0 107e0 0737 0 0308 0 0177 0 0 1 q,

-0 03010 -0 2412 -0 2600 -0 3M) -0 4918 -0 11 (it -0. q216 -I V64&9 -I AtI 14 2lzt II
-Z 348o -. 1 30 -2 4372 -3 6337l -4 N494 -5 304 -0 4344 -9 0362 -4 9071 0 067.3 0 1 2 407

* 0033* 0 9557 0 46.17 0 4460 0 265V 0 1011 0 130 0 006, 0 0:16? 0 M1 0 3 002 4 1
• 09 3 115 4

-0 0764 -0 2O3X6 _ -0 4114 -0.446h -0 4919 '0 751' 9 9932 '- 36104 -1 7044 -"1 4101 210 .

-2 16F)" -2 4,03? :Z 94 -3 $,0S.* -4 4903 -S 2073 -6 q4u,' "4 157? -"5 36SO0 06W?7 0 . 4063
0 0934 2 OIL* 0 Y"3 0 .47610 -0 0 1940 0 1293 0 0I 0 094 -0 041t 0 09159 00D0N)

- 4900 243
-0 Z;?? -0 37:19 -O 6077 -0 1356 -0 "34 -I 25.-q5 -I 5 36 -2.V271 -1 33f32 -I 5 413 11

'-1 t,.2 -1 6070 1 0349 -2 2726 -3. 1537 -3 7010 -4 3420 -5. 127 -4 8W 1 0 1540 0 2Q3 2 Z703
a 09133 09"36 0 4897 0 4501 02573 0 1696 0.0878 0 0469v-0 0400 -0 IW10 91 -0ivy 0991

4q2 J is4
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Table 3.15

ARA RUN 11 QUASI-STATIC
M=0.58 R=4.6*10 OS,=8. 99 40 =9. 55 1.8 Hz

0.1774 0.0287 -0.0935 -0. l6':3 -r.2298 -0.3183 -0.3892 -0.4741 -0.8237 -0.5467 82
-0.5680 -0.5680 -0.5503 -0..4741 -0.3396 -0.1448 0.0960 0.2872 1. 0981 0.0730 0.585 0.0255
-0.1643 -0.3431 -0. 5220 -0.4812 -0.4069 -0.3113 -0.2387 -0. 1590 -0.0811 0.0198 0.00000 0.0009

1626.6 -0. 13

0.1730 0.0196 -0. 1055 -0. 1795 -0.2500 -'0. 3364 -0.4175 -0.0127 -0. 5743 -0.6078 84
-0.6413 -0.6396 -0.6308 -0.5743 -0.4545 -0.2589 -0.0156 0.1677 1.0860 0.1747 0.585 0.0747
-0. 0632 -0.2589 -0.4686 -0.4510 -0.3910 -0.3012 -0.2342 -0.1637 -0.0826 0.0179 0.00537 0.0019

1634.0 0.26

0.1804 0.0301 -0.1027 -0.1778 -0.2494 -0.3405 -0.4311 -0.5307 -0.6093 -0.6425 86
-0.6932 -0.7054 -0.7106 -0.6687 -0.5691 -0.3927 -0.1481 0.0458 1.0836 0.3009 0.589 0.1350
0.0686 -0.1463 -0.3892 -0.3962 -0.3420 -0.2651 -0.2005 -0.1324 -0.0625 0.0336 0.01074 0.0014

1648.5 0.76

0. 1733 0.0197 -0. 1162 -0 2009 --0.2751 -0. 3757 -0 4745 -0.5840 -0.6881 -0.7340 88
-0.7905 -0.8188 -0.8382 -0.8188 -0.7464 -0. 5822 -0.3474 -0. 139i 1.0665 0.4169 0.585 0.2044
0.1804 -0.0509 -0.3157 -0.3580 -0.3174 -0.2486 -0.1921 -0.1303 --0.0615 0.0215 0.01611 0.0036

1631.5 1.34

0.1814 0.0268 -0 1121 -0.2017 -0.2843 -0 3915 -0.4969 -0.6252 -0.7553 -0.8063 90
-0.8941 -0.9398 -0.9838 -0.9873 -0.9521 -0.9045 8-0.5795 -0. 3827 1.0285 0.5523 0.587 0.2881
0.3238 0.0830 -0.2193 -0.2878 -0.2614 -0.2052 -0. 1613 -0.1068 -0.0435 0.0356 0.02148 0.0053

1638.7 2 00

0 1740 0 0196 -0. 1243 -0. 2173 -0. 2085 -0 4244 "-0. 5384 -0 6841 -0.8332 -0 887z 92
-1 0140 -I. C894 -1.1631 -1.2017 -1. 2070 -1. 0578 -0. 8332 -0.6349 0.9338 0.6776 0.587 0.3753
0.4460 0 1933 -0.1383 -0 2313 -0 2243 -0 1769 -0.1401 -0.0927 -0.0366 0.0371 0.02685 0.0063

1641.3 2.71

0 1710 0.0197 --0.1317 -0 2285 -0.3271 -0.4503 --0. 5787 -0.7495 -0 9219 -0.9976 94
I. 1085 -J 2634 -1 3813 -. 4622 -1 5291 -1. 3707 --. 1472 -0 9290 0.8169 07976 0.586 0 4725
0. 5740 0 3206 -0.0419 -0.1599 -0, 1739 -0.1440 -'0.1141 -0.0754 -0.0243 0.0373 0.03222 0.0096

1636.4 3.49

0 1712 0 0179 -0 1354 -0.2394 -0.3470 -0. 4809 -0.6184 -0.8088 -1.0132 --1 1137 96
--1 2424 --1 2335 -1 7077 --1 8875 -1.9227 -1.6900 -1 4715 -1.2706 0.6683 0.8904 0.585 0. 5795

0 6806 0 4374 0.0461 -0 0720 -0. 1178 -0. 0967 -0. 0808 -0.0508 --0.0068 0.0461 0 03759 0.0113
1634.0 4.32

0. 1583 0. 0214 -0. 1313 -0.2418 -0. 3589 -0. 4998 "-0. 6402 -0.8420 -1.0543 -).1227 98

-1 1227 -2 1019 -2 2195 -2 2405 -2 1616 -1. 9878 -1. 7457 --1 5246 0.5005 C.4 83 0 587 0 6808
0 7725 0. 5391 C. 1320 -0. 0014 -0. 0628 -0. 0593 -0. 0505 -0. 0277 0. 0056 0. ' 512 0. 04296 0. 0176

1641. 2 5. 21

O. 1522 0. 0145 -0. 14.3 -0 2559 -0. 3715 -0. 5226 -0. 6791 -0. 871, -1. 0010 --1 1398 100

-2.3847 -2.5110 -2 5626 -2. 5128 -2 4541 -2. 2673 -2. 0415 -1.7925 0.3328 1.0264 0.583 0.7996
0. 8593 0.6316 0 2137 0 0554 -0.0175 -0. 0264 -0 0264 -0.0104 0.0145 0. 0 "6.3 0.04832 0.0252

1619.3 6 10

0 1342 0.0091 -0 1427 -0.2517 -0. 3804 -0. 5286 -0.6733 -0.8820 -1.1450 -1.9739 102
-2 6742 -2. 7457 -2. 7743 -2 7350 -2. 6707 -2.49f6 -2 2223 -2.0865 0.1520 1.0739 0.581 0.901/
0 9345 0.7184 0.2932 0 1199 0.0288 0.0071 -Q.tj034 0 0037 0.0198 0.0466 0.05371 0.0327

1612. 1 /.01

0 0962 -,0 01!3 -0 1475 -0 2613 -0 3787 -0. 5191 -0.6650 -0. 8017 -1.3763 --1 9650 104
-2 7262 -2.7884 -7 8898 -2.8489 -2. 7848 -2. 6195 -2.3989 -2. "1474 0.0339 1.0779 0.582 0 9428
0.9552 0 7506 0 3363 0 1389 0 0499 0.0233 0.0037 0. 0019 0.0108 0 0250 0 05908 0.0369

1619 4 7 94

0. 0393 -0. 0499 -0 1765 -0 2782 -0 3870 -0. 5350 -0. 6760 -0. 9221 -1. 4465 -1. 8514 106
-2 1886 -2 8343 -2 9092 -2 9377 -2. 8878 -2 7288 -2 5221 -2 4829 -0. 0659 1. 0899 0 581 0. 9565

0 9811 0.7849 0.3693 0 1660 0.0607 0. 0250 -0. 0017 -0. 0124 -0 0106 -0. 0068 0.06445 0.0353
1614.6 8.79

-0 15e2 -0.2046 -0. 2638 -0 3051 -0. 3895 -0. 5474 -0 7179 -1.0157 -1.5344 -1. 8448 108
-1 0381 -2 0907 -2. 380 -2 7833 -2 9430 -2.8390 -2.6649 -2.6416 -0 1544 1.0928 0.579 0.9632
0.9959 0 8057 0.3911 0 1812 0.0681 0.0287 -0.0090 -0 0306 *-0,0431 --0.0663 0.06982 0.0150

1604.9 9.74

-02378 -0.2612 -0.2242 -0. 3476 -0.4322 -0. 580 -0 7868 -1.0477 -1.5463 -1.6867 110
-1 7983 -,.099i -1 9729 -1.9837 -2 2015 -2 8764 -2 7720 -2.7648 -0 2396 1 0995 0 577 0 9387

1 0059 v. t2%5 0.4138 0 1942 0.0682 0.0214 -0 0900 --0.0524 -0,0776 -0.1154 0 07520 0.00U0
1600 1 10 63

-0.3974 -0 478'/ -0 5509 -0.5491 -"0 5906 -0.6646 -0 8307 -1 0275 -1.2406 -1 2333 112
-1 1357 -1 1.158 -1.0943 -1.1792 -,1.5892 -2.6686 -2 7715 -2 7625 -0.1754 1.1064 0.576 0.9087
I 0t4, 0.8447 0 4330 0.2110 0.C'92 0.0160 -0.0364 -0.0797 -0,1176 -0.1916 0.08057 -0.0508

1595.2 11.56
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Table 3.16

ARA RUN 151 QUASI-STATIC
M0.745 R=5.5*106 co%0O. 09 orO.5. 1. 8 Hz

0. 1715 0.0418 -0. 0567 -0. 1228 -0. 1689 -0. 2313 -0. 2799 -0. 3223 -0. 2811 -0. 2599 15
-0. 2151 -0. 1427 -0. 0604 0. 0904 0.2949 0. 5019 0. 7239 0.8623 0. 9994 -0. 4844 0. 746 -0. 4703
-0. 7250 -0. 8061 -1. 1777 -1. 2787 -1. 3350 -0. 6964 -0. 4146 -0. 1689 -0. 0592 0. 0543 0. 00000 -0. 0020

2309. 7 -3. 27

0. 1906 0. 0482 -0. 0605 -0. 1305 -0. 1830 -0. 2529 -0. 3079 -0. 3566 -0. 3266 -0. 3154 16
-0. 2654 -0. 1980 -0. 1180 0.0257 0.2331 0. 4417 0.6741 0.8240 1.0327 -0. 3866 0. 745 -0. 4168
-0.6477 -0. 7514 -1. 1313 -1.2425 -1.3187 -0.6340 -0.3179 -0.1642 -0.0743 0.0419 0.00555 -0. 0029

2305. 1 -2 85

0 1968 0. 0519 -0. 0593 -0 1342 -0. 1942 -0. 2692 -0. 3329 -0. 3916 -0. 3716 -0. 3629 17
-0. 3167 -0. 2492 -0. 1717 -0. 0268 0 1681 0. 3843 0. 6204 0. 7766 1. 0527 -0. 3167 0. 745 -0. 3653
-0. 5740 -0. 6940 -1. 0775 -1. 1987 -1. 2699 -0. 5565 -0. 2779 -0. 1730 -0. 0818 0. 0407 0. 01109 -0. 0033

2305. 1 2. 40

0 2022 0. 0530 -0. 0639 -0 1435 -0. 2082 -0. 2928 -0 3587 -0. 4370 -0. 4271 0. 4096 18
-0. 3748 -0. 3102 -0. 2318 -0. 0888 0. 1089 0. 3265 0. 5665 0.7245 1 0801 -0. 2306 0. 747 -0. 3010

-0 48,7 -0 6310 -1.0003 -1.1421 -1 2117 -0.4159 -0.2729 -0.1871 -0.0913 0.0380 0.01663 -0.0040
2315.9 -1.08

O. 200 0. 0542 -0. 0688 -0. 1521 -0. 2254 -0. 3111 -0. 3906 -0. 4851 -0. 4925 -0. 4764 19
-0. 4515 -0. 3844 -0. 3136 -0 1682 0.0269 0.2592 0. 5003 0.6680 1. 1104 -0. 1297 0. 748 -0. 2322
-0. 3844 -0. 5571 -0. 9100 -1. 0740 -1.0802 -0. 3658 -0. 2912 -0. 1955 -0. 0937 0. 0356 0. 02217 -0. 0021

2317.8 -1. 54

O.2145 0 0530 -0 0713 -0. 1620 -0 2427 -0. 3384 -0. 4291 -0. 0360 -0. 5596 -0. 5522 20

-0. 5298 -0. 4652 -0 3943 -0 2527 -0. 0563 0. 1698 0.4233 0.5998 1. 1329 -0. 0303 0.749 -0. 1589

-0 286; -0. 4764 -0 8231 -0. 9660 -0. 9274 -0. 396S -0. 3049 -0. 1930 -0. 0924 0. 0406 O. 02772 -0. 0004
2317.6 -1.06

0. 2026 0. 0454 -0. 0834 -0 1775 -0. 2592 -0. 3607 -0. 4622 -0. 6008 -0.66217 -0. 6565 21
--0 6281 -0. 5525 -0. 4882 -0. 3433 -0. 1552 0.0726 0.3301 O. ,009 1. 1384 0.0590 0. 750 -0. 0538-0 1911 -0. 4003 -0 7556 -0. 9152 -0. 5166 -0. 4077 -0. 3012 -0. 1960 -0. 0933 0.0342 0.03327 -0. 0022

2326.6 -0, 59

0 2095 0.0512 -0.0788 -0 1745 -0,2616 -0 3708 -0 4873 -0. 6112 -0. 7965 -0 7511 22
-0. 6971 -0.6296 -0. 5695 -0. 4272 -0.2444 -0 0187 0. 2389 0.4192 1. 1406 0. 1678 0. 755 0.0137
•-0 0764 -0 2972 -0 6?'01 --0.7167 -0.5437 -0 3855 "-0.2874 -0. 1831 --0.0825 0.0414 0.03881 0.0018

2347. 7 -0. 06

0 2091 0. 0474 -0 0836 -0. 1840 -0. 2721 -0. 3738 ""0. 4582 -0. 9492 -0. 8806 -0. 8182 23
-0.755S '-0 7178 -0 6517 '-0 5097 -0 3334 -0. 1105 0 1515 0.3413 1.1396 0.2593 0.755 0.0973
0.0144 -0 2085 -0 5880 -0. 6345 -0. 5121 -0. 3730 -0. 2734 -0- 1/66 -0.0811 0.0401 0.04436 0.0033

2352 2 0. 40

0. 2049 0,0427 -0 0876 -0. 1884 -0 2695 -0.3580 -0.4759 -1. 0449 -0,9565 -0.8926 24
-0. H594 -0 8151 -0.7303 -0. 5951 -0.4219 -0. 1970 0.0685 0.2553 1. 1402 0.3401 0 754 0. 1610

0. 0968 -0, 1355 -0 5079 -0. 5706 -0. 4636 -0. 3432 -0. 2584 -0. 1670 -0. 0753 0. 0415 0. 04990 0. 0049
2343.4 0. 86

0 2115 0.0527 -0 0803 -0. 17.27 -0.2441 -0.3377 -0.8894 -1. 113 -1.0187 -0.9731 25
-0. 936:% -0 88:0 -0 795.9 -0 6652 -0 5089 -0. 2774 -0. 0101 0. 1795 1. 1486 0. 4258 0. 754 0. 2535

O. 1894 -0 0458 -0. 420; --0. 501! -0. 4214 -0, 3118 -0. 2355 -0, 1505 -0. 0668 0.0465 0.05545 0.0034
2338. 8 1 31

0 2 O1 0 0516 -.0 0794 -0. 1635 *-o. 2364 --0. 4317 .-1.2239 -1. 173;? 1. 1015 -1. 0570 26

-I. 0,176 -0, 9532 -0. 8889 -0 7394 -0. 6072 -0. 3711 -0. 1126 0.0812 1. 1342 0. 5002 0. 752 0.3481

0, 2654 0 0244 -0 3489 -0. 4403 -0. 3785 --0. 2908 -0. 2216 -0. 1449 -0. 0646 0. 04&. 0. 06098 -0. 0004
2330.3 1.79

0 1925 0 0543 -0 0689 -0. 1486 -0,2731 "-0 5619 -1.3014 -1. 2417 -. 1. 1707 "1, 1246 27
-1 0761 --1 0325 -0 9703 -0.8047 -0.7051 -'0. 4598 -0. 2021 -0.0092 1 1200 0. 5598 0. 748 0. 4134

0. 3257 0. 0842 -0. 2943 --0. 3976 -0. 3528 -0. 2743 -0 2121 -0. 1399 -0, 0677 0. 0406 0. 06653 -0, 0012
2313.3 2.21

0 1847 0 0675 -0.0484 -0. 1360 -0. 3568 -0.6307 '-1,3276 -1 2647 -1 2018 -I 1488 28
-1. 1155 -1. 0760 -1.0032 -0.8404 -0.7762 -0.5160 -0. 2705 -0.0850 1. 1049 0.6189 0. 752 0 4723

0. 3956 O 1551 -0. 2224 -0. 3322 -0 3050 -0. 2446 -0. 1878 -0. 1200 -0, 0521 0. 0453 0 07203 -0 0043
23?4. 7 2.61

0. 1596 0.0671 -0.0455 -0,2269 -0.4720 -0,6759 -1.3939 -1.3464 -1.2726 -1. 2201 29
-1.1876 -1 1450 --1 0687 -0 9324 -0, 8636 -0. 5921 -0 3457 -0. 1593 1 0890 0.6637 0 746 0.5356

0. 4461 0. 1959 -0 1894 -0. 3044 -0. 2932 -0. 2419 -0. 1881 -0. 1293 -0, 0630 0. 0258 0 07762 -0. 0086
2302. 4 2.95

0 t77 0.u543 -0.0764 -0.2544 -0.4860 -0.6814 -1. 1096 -1.3797 -1.3025 -1.2751 30
-1 2011 -1. 1755 -I 0996 -0. 9863 -0. 9092 -0 6304 -0. 3889 -0. ,2047 1. 0700 0 6971 0. 747 0. 5413

0. 4837 0. 2385 -0 1524 -0. 2768 -0. 2756 -0 2271 -0. 1822 -0. 1.87 -0. 0702 0. 0132 0. 08317 -0. 0066
2313.7 3.35
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DATA SET 4

NLR 7301 SUPERCRITICAL AIRFOIL OSCILLATORY PITCHING AND OSCILLATING FLAP

by

R.J. Zwaan, NLR

INTRODUCTION

The supercritical airfoil NLR 7301 has a maximum thickness of 16.5 per cent of the chord. In the set
of two-dimensional aeroelastic configurations this airfoil represents the category of thick and blunt-
nosed airfoils.

The airfoil was investigated in two wind-tunnel tests with different models. In the first test the
model could be driven harmonically in a pitching motion about an axis at 40 per cent of the chord.
Information about this configuration is designated with the letter "A". In the second test harmonic
rotation of a trailing-edge flap was considered. The flap axis was located at 75 per cent of the chord; the
flap had no aerodynamic balance. Information about this configuration is designated with the letter "B".

In transonic flow the contribution of the shock to the aerodynamic loading can of course be very
different. As an illustration, pressure distributions on the upper surface are compared for a flow with
a strong shock and a shock-free flow. Also results of thin-airfoil theory have been added. In the strong
shock cases (A: Fig. 4.1, B: Fig. 4.5) the pressure peak due to the moving shock dominates in the pressure
distribution, with a strength which diminishes with frequency. Although the flow conditions are the same
for both configurations, the mean pressure distributions differ slightly. The cause of these differences
could not be traced. In the shock-free cases (A: Fig. 4.2, B: Fig. 4.6) the pressure distribution shows a
wid.e bulge. The pressure distributions of configuration A show very clearly that with increasing frequency
the bulge decreases while at the same time a weak shock develops. Also here the mean pressure distributions
should be the same. For unexplained reasons, however, shock-free flow could only be realized at slightly
different Mach numbers.

Lift and moment coefficients are presented in figures 4.3 and 4.4 for configuration A and in

figures 4.7 and 4.8 for configuration B. The influence of fixing boundary layer transition is reriarkable.
Configuration A shows only minor differences. Forced transition at 0.3 c is obviously not so effective in
this case. The diffeences are ',arger for configuration B, which includes also fixed transition at 0.07 c.

Characteristic changes occur in particular in the lift coefficient at low frequencies. Transition fixing
has obviously the effect of reducing both the lift magnitude and the phase lag.

An aspect that emerges especially in the present case of a supercritical airfoil is the difference
in the specification of theoretical and experimental shock-free flow. In the General Review it was pointed
out that this difference is mainly due to viscous effects and tunnel interference. It was further proposed
to choose the CT specification such that theory would produce a flow similar to that observed in the
experiment. This is illustrated in figure 4.9 where the theoretical design pressure distribution calculated
with a hodograph theory is compaed with a shock-free pressure distribution measured at free transition.

1 AIRFOIL

1.1 Designation NLR 73n1 (also NLR HT 7310810)

1.2 Type of airfoil Thick, aft-loaded, shock-free oupercritical;
designed by means of Boerstoel hodograph method

1.3 Geometry See Table 4.1

Nose radius 0,05 a

Maximum thickness t/c a 16.5 %

Base thickness Zero

1.4 Design condition

Design condition Potential flov (hodograph theory).
M 0 0.721(It- 0.595

Design pressure distribution Steady experiment (f'ree transition, NLR Pilot Tunnel):

M a 0.747, Cie 0.455; see Fig. 4.9

1.5 Additional remarks "8hock-free" pressure distributions for configuration
A shown in Fig. 4.2 and for configuration B shown in
nig. 4.6

1.6 References on airfoil

2 MODEL GEOMETRY
2.1 Chord length 0.18 m
2.2 Span 0.42 m

2.3 Actual model coordinates and See Table 4.2
accuracy of measurements

2.4 Flap: hinge and gap details A: not applicable
B: hinge axis at 0.75 c; gap width 0.35 mm
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2.5 Additional remarks

2.6 References on mode l

3 WIND TUNNEL

3.1 Designation NLR Pilot Tunnel

3.2 Type of tunnel. Continuous, closed circuit

3.3 Test section dimensions Rectangular; see Fig. 4.10
height 0.55 m, width 0.42 m

3.4 Type of roof and floor 10 % slotted top and bottom walls, separate top and
bottom plenums

3.5 Type of side walls Solid side walls

3.6 Ventilation geometry See Fig. 4.10

3.7 Thickness of sidt wall boundary Thickness 10 % of test section semi-width, no special
layer treatment

3.8 Thickness of boundary layers at Not measured; probably comparable with side wall
roof and floor boundary layers

3.9 Method of measuring Mach number Derived from static pressure measured upstream of
model and from total pressure measured in settling
chamber

3.10 Uniformity of Mach number over See Fig. 4.11 (empty test section)
test section

3.11 Sources and levels of noise or Turbulence/noise level, see Fig. 4.12
turbulence in empty tunnel

3.12 Tunnel reson&nces No evidence

3.13 Additional remarks For two-dimensionality of' the flow see Ref. 4.3
3.14 References on tunnel Ref. 4.2

MODEL MOTION

4.1 Mode of applied motion A: pitching oscillation of airfoil
B: oscillation of trailing-edge flap

4.2 Range of amplitude A: oo 0.10 to 1.50

H3: 60M 0.1 to 2.00

4.3 Range of frequency A: f m 0 to 80 Hz k = 0 to 0.26
13: r 0 to 200 Hz, k w 0 to 0.65

4.4 Method of application Al hydraulic excitation at one side

BJ of the model

4.5 Purity of applied motion Checked by spectral analysis; ne data stored

4.6 Natural frequencies and normal No interference with natural vibration modes
modes of model

4.7 Static or dynamic elastic distortion Negligible
during tests

4.8 Additional remarks

5 TEST CONDITTONS

5.1 Tunnel height/model chord ratio 3.1

5.2 Tune!, width/model chord ratio 2.3

5.3 Range of Mach number A: M a 0.5 to 0.8
A B: M 0 0.5 to 0.82

5.4 Range of tunel total pressure Atmospheric

4 5.5 Ruge of tunnel total tewrera tre 313 ±1 K

5.6 Range of model steady mean A: amm 00 to 30
incidence B: t m  0 to 30; 6ms 00

5.7 Definition of model incidence Incidence datum line a 0 relates to the x-nxil at)
used in Tables 4.1 and 4.2. Datum line is parallel
to test section centre line for Ams 0

5.8 Position of transition, if reoe Al part of the test performed with natural
13 transition; position of transition not measured

5.9 Position and type of trip, if A: strip of carborundum grains at 0.3 c
transition fixed B: strip of carborundum grains at 0.07 c or 0.3 c

5.10 P'or mixed flow, position of sonic Not measured
I boundary in relation to roof and floor

5.11 Flow instabilities during teats No evidence
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5.12 Additional remarks

5.13 References describing tests A: Ref. 4.4
B: not available

6 MEASUREMENTS AN~D OBSERVATIONS
6.1 Steady pressures for the mean conditions

6.2 Steady pressures for small changes from th~e mean conditions

6.3 Quasi-steady pressures

6.4~ Unsteady pressures

6.5 Steady forces for the mean conditions measured directly
integrated press.

6.6 Steady forces for small changes from the mean conditions measured directly
-tegrated press.

6.7 Quasi-steady forces i! eesured directly
ntegrated press.

6.8 Unsteady forces measured directly
integrated press.

6.9 Measurement of actual motion at points on model

6.10 Observation or measurement of boundary layer properties

6.11 Visualization of surface flow

6.12 Visualization of shockwave movements I

6.13 Additional remarks

7 INSTRUMENTATION
7.1 Steady pressures

7.1.1 Position of orifices See 7.2.1
spanwise and chordvise

701.2 Type of measuring system Ste 7.2.3

7.2 Unsteady pressures

7.2.1 Position of orifices A: see Figs 4.13 aind 4.1h,
upanisea aid chordvitte B: nee Fi$* 4.15 and 4.16

7.2.2 Diameter of orifices 0.8 mm

T. 2. 3 Type of measuring system A: 4a0 pressiure tubes) 4 13 in sit'i prtlsguru transgducers
11: 4~6 pressure tubes # 1.1 in oit~z prm mure transducers

7.2.4 Type of trainuducers t7.5 psi Staetham different-.l preoaux itraneducers,
and !5 psi iRulite minititure prtussure transducers

7.2.5 Principle and accuracy or Calibration uses transfer (Nuctions of pressure
culibration tubes, see lie?. 4.4;a for accuracy see 9.10

7.3 Model motion

7.3.1 Method of weacurient A: with accoleromaters, see Fig. 4J.13

7.3.2Accurcy D: with accelerometers, so* Fig. 4.15

7.4a Processing of unstebdy
meauremeptu

7.4.1 Nethod of acquiring and See Fig. 4~.17
- processing meaurements

T.4~.2 Type of analyais A : signal analynis of' TFA ove 20 cycles for

Dtuga'langth during TFA analyois wasIa

743Unsteady pressure quantities A: 1\tndamontal hatrmonics;
obtained and accuracies B., Fundamental harmonica and occasi( nally second and
achieved third harmonies

For accuracy see 9.10

7.. Method of integration to Trapvzoidal rule
obtain forces

7.5 Addit~ional remarks

7.6 References on techniques A: liefo 4.34, 4~.5
ii. ,er. 4~.6
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8 DATA PRESENTATION

8.1 Test cases for which data could A: see Table 4.3
be made available B: not available

8.2 Test cases for which data are Al
included in this document : see Table .4

8.3 Steady pressures Mean pressures for:
A: Tables 4.5 to 4.14
B: Tables 4.15 to 4.23

8.4 Quasi-steady or steady Steady pressure derivatives for:
perturbation pressures A: Tables 4.5, 4.8, 4.12

B: Tables 4.15, 4.17, 4.19

8.5 Unsteady pressures A- Tables 4.6, 4.7, 4.9 to 4.11, 4.13, 4.14
B: Tables 4.16, 4.18, 4.20 to 4.23

8.6 Steady forces or moments See 8.3

8.7 Quasi-steady or steady See 8.4
perturbation forces

8.8 Unsteady forces and moments See 8.5

8.9 Other forms in which data could
be made available if required

8.10 References giving other
presentation? of data

COMMENTS ON DATA

9. 1 Accuracy

9.1.1 Mach number !0.002. No corrections made for Mach number
nonuniformity

9.1.2 Steady incidence *0.020

9.1.3 Reduced frequency !0.0005

9.1.4 Steady pressure coefficients Rot known
9.1.5 Steady prosaure derivativeo Not applicable

9.1.6 UnuQtady presure coefficients Not knowvn

9.2 Sensitivity to #mall changes of No evidence

9.3 Sp4nvioe varistiona No evidence

9.4 Non-linarities Part of analyoia of exporimontal reoulto; aee Recf. L.A

9.5 lnfluence of tunnal total presoure

* 9.6 Wall interf rm crrection. UNo corrections included, but tnder stoay coditions
it ts norm! to make the following correctioa to

dtoady cwoct lens
Aomk' I1.h4 * 0. s6 (cc 0.2ct T5,
(des") (115 02
ACLU -O.M1 d -i aS
AcaC. -0.25 act, (z-o )

9.7 othtar rolevant tests on

9.8 Rele~vfnt toats on other moodelo See Patal Let5
of nominlly the ome airfoil

9.9 Any rpmarks rolev-nt to
cemptarion between vnxpritent
kid th.or-y

9.10 Additionsl remarks No systa.tic lnvestigation of oeparat. iectwiie
have been p rforoed, accuracy of lift ad mozent
coefficients is estlmated to br. 5 to 10 per tvt inSmagnitude and 3 to 6 degres in phase anwle

9.11 Referenceo on discusion of .1atft A: [tef. 4.4

tO PIWSOIIAL CONTACT i%8 ?VRMhKH INVOiR.ATIQN
N.J. Zwan, National Aeroapace Laborstory (ff10, Anthony Fokkervog 2. IC59 CH Amaterdaa,
The Netharlands

4 2
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12 ROTATION AND LIST OF SYMBOLS

DATA SET STANDARD

ALPHA mean wing incidence, am. deg

AMPL. flap amplitude, 60, deg; see Note 2 below

C2 pitch amplitude, ao, deg; see Note 2 below

CL mean wing lift coefficient, C,

CLIN k" in Tables 4.5 to 4.14; k" in Tables 4.15 to 4.23

CLHS M in Tables 4.5 to 4.4; ke in Tab'eu 4.15 to 4.23

CM man wing mow-nt coefficient (about 0.?5 c), C,

CHIN in Tables 4,5 'o 4.14; m in Tables 4.1 to 4.23

CUR w~in Tableu 4.5 to 4,iL; c4' in Tables 4.15 to b1.23
CP man pressure cefficient, %
VIN jilgnry component of oscilatory prerure coefficient. rc4" In Tabt 4.5 to 4,it

it reprPetre'to, in Tbles 4.15 to 4.23 it' reproaots C'/6,

CU, real componnt oi e r e llatory pressur eofflacint, rod In Ta'es 4.5 to 4.14 it
, a in Tables 4.5t 4.P3 it ropresta C-16 Ile k *n0, thou

CPzt(v011*0 an CM [%CP-%) ( 4)10/a2n60
DELTA kean MlAP angl, 6M#de

: ,45g.d fr equency 4 ,? lit

RAM ordr of harmnig

oavcllatorj visus lift @cofflciont, C/orad t

os *cillatory ving lift ckvoffiont, C/6.rad"1

M (oan local wrh nuber, Mt.

MAC1 (reo-t erm rlacth number* N

042Q oncllto o wing eden e nt C/ , saC
1 

vin Wt. The e t f a

cc oscillatory inig ae nt coeficiont, ihe h ,rad, tr
N 'T!UWI run iutber
SCAR, NWIN rea~l and imiagintry compooets of oacillatory flap moment coeffIcient,

-r~ ad-

10total preosure, Pt, N~
A 4 Q ynabic pressure. * , Ns

110145, 110tH real and ImAginary Components of oscillatory flap lift coefficient,

RE Reynoulds number banal on wing Chiord, He
IWH&Qreduced frequency, k a sfe/V
* (ouffix) upper side

(auffix) lover aids

Not 1:Symolorot mentioned here Conform to the notatioin in the General Review.

nte 2: T'he ocidllatory motions are doirned anm a*a~ ginwt andO r4 u odn wt. The equation for &
corsodn siltr recr icuighge arac.i vial)rIs
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p(t) = pm + p'sin wot + p"cos wot + p
tsin2t+pcsw e.

Similar e-xressions hold for the aerodynamic coefficients.

-'ABLE 41.

Contour data of the NLR 7301 airfoil.

UPPER PART LOWER PART

x z x z x z x z
o~ooOI? -. oo1~ v429744? Y,.00404 14 .t.0400vIt -.O00vIle v..4V.7% .15S

0 0 01407 *.l7 4'% 0.44744)4 -0944 ~ ,00047$ -00 01a ..4t(4,404 -.0111108

0.0M0041 *.00SQ45 5."441I ..0A47. 4.O0011 -.00V43' b .411h$)31? -. Oloott2
0.10117%' '.011221 0.44%l141 .C'0fl371 '.000-3I -.0010et o. 4.3 19? 11 .OoQ01v3

...017444 *03014 00447 1..0 1 0 .0111 , "- -.0IR10I -. U.06102 -.06151J9
0.0707n *.l'40.o4t61.si *.(1f .oo'4 .19' .51341"1 .0b44341

0.002.114 *.1?1 1*0'911v54I. I.9l . 9oa.,lIe -.06154t.

6.1:6:7::1 .. (o'o" 4.O1t..tJO -. 0111104 -. beIp
0.0.70 *.V1'?Vsvfl' .0044N'* 1.0.Tht1F~' -.019Otj 5vc'74v.644
0.1017 '034$i .4~%I1 .414 lqq4 4.0t, 13I3 .140

A.011104? .l0YQ 4.4~10,3' .. St".O4o -ol 'V.ShI4190 -. Q 014.4

9.S4t91 .01404 %.44440. ...I.1111 4.004443 .0l109"" ,%IA
0.O143l0&4II *Q210 9,-3*v J.)4.0 A0*4I -040't v14$' -. 0409

0.01140' .. 1414 Pit U,7?9 1.0l ,1 .04i g.,slf I..04ISttv

0.01460 ? 0t 4, O.4,4l47 **& ) .'07.7116 -.0)0*4 V.90)i. -,044)4-tv
9.164 .#t00.71 4,104 .~'4 .014416 - 4.0 .01. *.03l3394j"J.

G,9M41 v .Wi 11.41 $.i101 ..4713101 4.0?0.404 1; .#)*404
0.ft0'144 -. 40 0.404194 *.411VIA1 V.017041 0 3 ' 40,.104, *.1 )l

*00*' *4444 4*444 .40l .0fl0'o.) *.41-591 o.945v 01114I

,741 .00' t'9~~ .674 W 4.tdi9I94 -. k01~hl1*11*.lVo
9,)1*0 .0%9If ,079&5 ..014t0

1
1 . -.01401"gI95 ,il

0421104 .. I % 'f 3 40 1 0,*41? .161 -.0flj1410.o4 .. 7i~
04,14 .0014 *001 .ttI% .o~h4'.....

*.040 *~f* .0H4 .4itI -.. 104It VO.44j -.f51%vaJ.
4.96444, 0.04so.~ *1-4p)4 t."09 V.40I5 ?40441 W94# *406144
9,4410 ,t041 #41011 .04t44 41. 1 ,5~n .04 4 j.919404 -. 00M9

5,19909) ..r04N 1,40 sF 544 4,Ifl$;4 *.,40VpliwIf .$jj 4~i

4,j%)141l ,044.4 %-.

fllv'i t -.50.9644- 1- 9.111 0 * 4%~ -.9414 ,0*t4 .11

,,*4 40 I .'t-o'k' 4 o. 4ttn- t 4 Afl I,4*44-li .90z]9 oilW4 *04
4.*,0%) -. o% 9,ob .4tt4o4 ;A040 .d-Met-

* ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ tO. IS~d Ii~'- -**0j. 40*042056*494

, 04 .,*004 .96P .- 120t .10t *5l~t

4,046549 * fl&*00 i9Q*e. .46t4-t "'004*J -. 01 o6'9

$I $ ..0-'99V' *.4400ttot59 -. 44t)964
it4004 .,444)44#. 14 * *.ifltJ4J 10 t*4~'$t *0,4404it .**If Pi.)I4'f#~'11

VOLatioe vn01960 at-4fl t,~0w4 04 of -~ .



TABLE 4.2 TABLE 4.3

Actual contour data of the Test program for the NLR 7301 airfoil (conf. A)
NLR 7301 airfoil (conf. B)S7301aireoil an . Ba ) Basic program: amplitude of oscillation: ao= 0.5 degree

(measures in mm) frequencies: 0, 10 and 80 lz

x Zuppe r  Zlower transition strip at 2/c= 0.3

000.000 000.000 -000,000 Ind MACH NUMBER
000,500 003,250 -002.820 Ii e____ ,6 75 7 ,:5 ,'.5 -7 T775 , 0-

001.000 00.595 -003.780 q 0' x
002.000 006.360 -005.025 I.
003.000 007750 -005 I.., XxX

x x x0014.000 008.415 1-006.525I
005.000 009-030 -007.065 _. x _ x

oo6.oov 009-520 -007. 5:0
00"{,000 009,9&0 -007,9 0 1iuence of a '.'tade and frequency transition strip at x!c= 0.3

008.000 010-315 08.h290 H.- _____- ACH NUMBER
009.000 010.640 -008620 I ence amplitude a0  freq.5 .7 .75

010.000 010 935 -0C~ (' .* I
015.00-0 ..... -0.850 0.1; 0.25 5; 1.0; .50 10; 80 Hz x x x

3.00 -,; 5?. 0.75; 1.0 10; 80 x02(,rCc s' -0199 - . ..
'. ' '011.695

k"5.C- 0,4.105 0-01,,. , , 0.5 a0 10, 30- 60; 80 z x xC-L:,,, t,,9' 4 ,, c-4, 5 3.00O., 1,o 10; 30; 60; 80 x:

I. 060.j-0 a12- 1 3..195 Additional tests with natural transition
;)70.0 .- ,..10 -013.665 . .. MAHNN
;.)I U15.800 --013. 190 Incidence amplitude freq.

, IOO.000 Ol.9li -019.810 %I a 0.850 0.5; 1.0°  10 HIz x x
,ov.C.k, o4.o55 -009.00 0. ; 0.75 80

12.0 1.3 06953.00 0.5t 1.0 105wo O0%2.4O -004.T60t 0.507 0 x
05; 0.75 80

134.500 010.410 -.003.789 6.8. 0.5 30; 60 x x
137.500 00.94V -003.165

"60,000oos135 ao0.495
170.000 002.935 W0,975
i75,000 001.85 000.86-
180.0w0 000.775 000.465

No-to rearding Tsta 4. 1 and 4.2- In~ gar. 4a.7 the contour coordinateo have- 0 § 1tranfr-ne4 W unit
SChorl. TIM 0401 vatl d 4t Ohtre given by rtble 1,', but the trakli4nga W v" out off at x/e- t.Q.

The oatual xoau4 A*1w ofth wodal io given in tho table above.

I!

'IP

IM
" i
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I'.

"I-
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TABLE 4.5

RUN 12201

N .499 C2 .50 STAT. QUASI-INSTAT.
ALPHA .85 FREQ 0. RF IM
PO 10376, K 0.000 CL .303 1.835 O.OOJ
RE 1.70E6 Cm .068 -.076 0.000
G 1524.

UPPERSIDE LOWERSIDE

X/C CP+ M+ CPRE+ CPIK+ CP- M- CPRE- CPIM-

.01 -.068 .51C -12.204 0.000 .284 .420 11.230 0.000

.05 -1.148 .771 -12.834 0.000 -.369 .591 9.511 0.000

.10 -.859 .705 -9.225 0.000 -.372 .591 6.417 0.000

.15 -.683 .665 -5.214 0.000 -.386 .595 5.099 0.000

.20 -.647 .657 -5.099 0.000 -.403 *59q 4.469 0.000

.25 -.626 .652 -4.183 0.000 -.421 .603 3.553 0.000
.30 64.635 -6 4 -3.495 0.000 -.417 .602 3.151 0.000
935 -.594 .644 -2.979 0.000 -.429 --05 2.922 0.000-.40 -.587 .643 -2.636 0.000 -,444 .609 2.693 0.000
.45 -.579 .641 -2.235 0.000 -.445 .609 2.177 0.000
..50 -.570 .639 -2.063 0.000 -.397 .597 1.833 0.00
.55 -.556 .635 -1.776 0.000 -.300 .574 1.318 0.000
.60 -.559 .631 -1.261 00000 -.203 .550 1.089 0.000
.65 -.491 .620 -.859 0.000 -.086 .521 .688 0.000
.'0 -.408 .600 -.458 0.000 .029 .491 .630 0.000
.75 -.307 ,57j6 -.286 0.000 .129 *464 .458 0.000

:80 -0193 .548 -.115 0.000 .208 .442 .401 0.000
0,85 -086 .521 .057 0.000 .269 .425 .458 0.000.90 .012 .496 -.057 0.000 .298 .416 .286 0.000
.95 .089 .475 -.516 0.000 .301 .415 .115 0.000

* TABLE 4.6

RUN 1601

,499 C2 .55 STAT. INSTAT.
ALPHA .85 FREG 30a RE Im
PO 10398, K .098 CL .311 1,481 -#170
RE 1.'0C6 CM .069 -.028 ,151
O 1529.

UPPERSIOE LOWERSIDE

K/C CP+ M# CPRE+ CPIM+ CP- H- CPRE- CPIN-

.01 -.070 .518 -10,360 2.296 .296 .417 6.804 -3.1460s -1.163 .776 -11,456 21389 -.351 .586 7.090 -P.04f
410 -.646 ,703 -8,106 1.833 -.373 .592 4.808 -1.920
.15 *,707 o672 -3,13A s552 -.383 0594 4,104 -1.096
.20 -065% 4659 -4.080 .853 -.400 0598 3.403 -6864
.25 -.633 .655 -3.339 *514 -.415 .602 2.854 -.738*- 30 -%642 o657 -2,S?2 *213 --,13 o601 2*725 -,614

.35 -05009 .647 -2,920 .004 -.426 *604 2.671 .011

.40 -.594 e645 -2*416 .024 -.440 #608 2.356 .164045 -0582 offi -20O69 -*054 -#440 s608 3.963 4091
050 -0571 1640 -10804 -*181 -.393 *597 10668 *237

.55 - .562 s638 -1,39A -.139 -.297 ,573 1.492 0230
060 -.142 633 -10045 -415h -.201 .550 14089 e164
-6S -. 494 *622 -8705 -.200 -.084 .520 ,852 .296
.70 -.410 .602 -0412 -,227 .030 ,491 .259 -.067
.75 -.307 .577 -.111 -.277 .130 .464 .547 422
o80 -.19% 0549 .054 -.279 .212 .041 .571 ,457as - .085 ** 9522 491l "-,256 0269 *425 0562 , 533

*011 097 :4090 -9152 :300 :416 :440 .431
."5 ,065 .22 -.46 -4092 302 041.5 .250 ,26

| :,,
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TABLE 14.7

RUN 1301

m I .498 C2 .44 STAT. INSTAT.
ALPHA .85 FREQ 40. RE IN
PO 10398. K .262 CL .290 1.355 .015
RE 1.70E6 CM 4071 .096 .310
o0 1524.

UPPERSIDE LOWERSIDE

X/C CP+ M+ CPRE+ CPIM+ CP- M- CPRE- CPIM-

.01 -.014 .502 -9.118 4.392 .248 .431 5.363 -3.002

.05 -1.106 .760 -8.298 3.528 -.. 0 .598 5.742 -2.356

.10 -.806 .692 -6.065 1.829 -.402 .598 3.310 -1.59A

.15 -.693 .666 -2.099 -.165 -.408 .600 3.600 -1.041

.20 -.637 .653 -3.772 .745 -.418 .602 3.043 -.636

.25 -.620 .649 -3.161 .289 -.436 .606 2.558 -.359
*30 -.635 .653 -2.886 -.023 -.431 .605 2.P27 -.317
.35 -. 594 .643 -2.839 -.250 -.441 .608 2.911 .124
40 -.508 .642 -2.251 -.357 -.452 .610 2.8P9 .443
4.5 -. 576 .639 -1.996 -.462 -.451 .610 2.216 ,503
"50 .570 .638 -1.819 -.556 -.402 .598 2.062 .727
.55 -.56? .636 -1.352 -.610 -. 304 .575 1.573 .807
.60 -.544 .631 -1.034 -.643 -.206 .551 1.132 .821
,65 -o499 .621 -.663 -.645 -.089 .521 1.005 1.079
970 -.415 .601 -.526 -.690 .026 .491 .177 .151
.75 -.313 .577 -.321 -.748 .128 .464 .999 1,244
.80 -.200 .549 -.102 -.749 .209 .442 1.125 1.202
.85 -.091 .521 -.057 -.714 .266 .425 1.367 1.166
.90 .007 .496 -.158 -.561 .299 .416 .932 .836
.95 .085 .475 -.481 -.048 .301 .415 .488 .450

TABLE 4.8

RIM 1440ni

* .69A fp .si QTAT. GUAqT-TNRTAT.

ALPHA 3.00 FREG A. RE TMPO 100. K O.n00 CL .715 3.250 0.000
RF .11FA CM .074 .373 .0o
0 psoq.

LIPPERSTQe LOWERSIOE

Y /C CP+ M+ CPRE+ CPTM+ CP- N- CPRE- (PTFA-

i.01 .04 .A" -5.500 0.0nn .C01 .44q 6.474 0.0fln

:I .05 -1.061 1.398 -7.21q o.o0 -.092 .731 7.907 O.onn.10 -1.671 1. 0A -7.850 0l.0n -.Pn .7?7 6.704 O.O00.15 -1.607 1.368 -8.021 0.on -.258 .794 5.844 n.on
PO -1.54P 1.A44 -8.308 0.000 -.312 .814 5.386 .0O0
.25 -1.536 1.1,1 -9.969 0.000 -.356 .811 5.n42 0.000
.30 -1.50A I.n1A -11.8n3 0.0N0 -.373 .837 4.813 0.000
.35 -1.51A 1.321 -22.746 n,000 -.409 .651 4.183 0.0n
.40 -1.406 1.266 -57.640 0.OnA -.453 .868 3.896 0.000
.45 -.585 .914 -4q.790 O.0nn -.465 .872 3.323 o.0on
.50 -. 76 .915 1.318 0.000 -.412 .652 2.922 .000
.55 -.631 .936 q.626 0.000 -.290 .806 2.177 0n0
.60 -.645 .941 A.652 0.O0n -.169 .7sn 1.604 0.0on
.65 -.5A9 .920 5.214 0.000 -.044 .713 1.261 0.000
.70 -.471 .875 2.A9 O.00n .07q .666 1.089 o.on0
.75 -.337 .8P4 1.318 0.000 .184 .625 .974 0.000.D -.200 .771, .458 0.000 .267 6592 .917 0,O11
.85 -.07h .795 -.057 0.000 .324 .569 .859 0.00
.90 .03p .684 -.286 o.on .356 .556 .745 0.00
,95 .114 .653 -.286 O.On .354 .557 .630 0.0Oa

i iVm
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TABLE 4.9

RUN 3805

S696 C2 .42 STAT. INSIAT.
ALPHA 5.00 FRF4 3i0. RE TM

P0 H 3220. iC .02 CL .705 2.82 -.90
PE 2.11K . cM .072 .296 .106
RE 2505.

JPPLRSIUE LOWERSIDE

/ co+ M+ CPRE+ CPIM CP" M- CPRE- CPIM-

ou .0UOl .6"5 -4.068 1.563 .605 .447 4.476 -2,528

.05 -1.669 1.596 -6.156 1.863 -.094 .726 6.187 -2.665

.0 -1.682 1.405 -9.320 1.586 -.200 .772 4.b33 -2,476

•15 -1.622 1.372 -9.811 1.036 -.259 .794 4.408 -2.07h

p0 -1,57? 1.346 -9.316 2.1f0 -.315 j815 3.680 -2.094
.25 .1.534 1.536 -6.715 2.920 -0664 .836 3.468 -1.909

•30 .1.478 1.26 -10.091 5.812 -.385 .841 2.353 -2.017

.35 -1.463 1.'90 -14.295 8.129 -.413 .652 3.845 -1.367

22 1 114 -74U21 .6.662
.4 -. 7211 .q69 -34.14b 3.267 -.466 .872 S.8sl .1,196

.50 -.62U .930 ..b67 -b.649 -.410 .851 3.154 -.855

.55 -.422 .931 10.503 .6.919 -.5289 .805 2.630 -. 7

.60 -.631 .934 6.052 -5.420 -.170 .760 2.305

.60 ..579 591 .6.066 -3.002 -.044 .15 1.858 -.32

:70 -.464 .871 2.838 -1.691 .079 .666 .553 .349

.75 -.333 .821 1.976 -1.062 .183 ,625 1.675 0n65

98.80 -.106 .770 1.UP6 -.467 .264 .5)3 1.795 1192

.5 -.071 .726 .455 .562 ,253 .569 1,626 .510

.90 .036 .683 .022 -.473 .354 .556 1.565 ,066
095 ,112 '6'i2 -.669 -,596 .35S .557 1',155 .5

TABLE 4.10

RUJ 3405

.6,% CS .8 SAT. 'IN SAI,

ALPHA A.00 FREW 3U. RE

PC 1022n,.i .072 '702

HE .Il.Ee t m .072 ,306 ,00.

u 45u9.

"01 .013 #4b9l -.. 011 11351 *604 u? y ,0

.0h .-.665 i,399 .5.628 1.316 ,084 .T2 5.86 -2.196

.. "10 -1.622 1.376 -T.14N 1:651 -.26) ,7?? " 25 -17
.I0 -1.%5 12.29 -7 -- ,21% -.314 .87 3.697 -..8.YO

*-A) ~ .741 ..367 less ,20 1.8

.630 -1,453 1.288. .9 328 1 .526 -.584 *641 6Soss78

135 .1.29 1.4b .41.991 17.920 -.416 .854 3.633 .t,2 8

l40 -1.1I0 1.110 -14#760 18.621 -.452 667 ?28 -1W2881

.4q 2.91 jOb 2.8 0.022 -.#460 *813 .3,49S 1.

. .?46 .962 -?777 -1.00* -*413 less .30 -. h

• -,# 63 ,95t0 2.002 --,133 -.292 .801 .- btb

.60 -,6tO .927 6.6q4 -4.20 -.1T2 ,T62 1.-,0

461% 5.52 .'OP 5.0953 -. 868fi -d)1*6 all% 10468 -. 4

1 .70 .446 .665 341'47 -1.10 7 12 .,349

.'? -.320 .817 16b19 -.900 .182 ,626 1,211 -000;

.8 t.90 .7AS 1196 -. 4647 J262 -.594 .S1.3

.8 .070 .7273 '141 .,279 .320 .571 t '.& *illK4  .0 .031 664 .0b -.333 .35. 6656 0.9 051
'4 . ,t .10? 169-5 - 9 -,*58 ,551 ,558 tO21 ,*280

,14

.1
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TABLE 4.11

RUN' 4,0705

A.H ;.go ~ STAT. INSTAT,110 1u2b5. .191 CL .69 151 .8
HE( 2.12E6 CL4*~ .694 104 0989

'~ 2511. 20 .8

X/C cp+ 8 CONEH+ (;lf4M cp- M- CPRE. CPZM-
.1 .010 .691 -2.639 1.6b7 .599 044d 2.724 -. 6.oi ~ .38~ 4.196 2 .1b S -.09 5 .73 0 3 4 8 - . 0.111 -1,661 1.3'?b -A.680 3.9 -26 .72 2438 -. 703.1 1.o. 3cl -611 A.48A -.2bl 479% 2.347 -.805.20 - ..'Jib -5.944 3.449 -.323 *1 .2.2 -. sg .~? -5.168 1*809 -.368 .833 1199? .0.0 -1.4S8 3.i.41 -3.517 549 -.390 .841 127 .3*~5 -. ~4124 -&.441 12.094 -.417 .852 2.171 -. 180..u -1.~e1.122 -1..1 42#69b .. 453 .865 .2& -. 74 S -.687 -9S -12.598 4.450 -.473 .872 2N.02037.5A -4601, .9J24 -2.708 -5.711 -. 415 .25 . 020 -0199.5! -6Ri~.9i1 1.611 -7.552 -. 294 .05 107 13*6 96 1.74-3 -1.694 -. 175 .76u 10210 .254

.0 .66 .471 IS7 -2.ooe .078 .665 .225 *

.io -i~ .770 .60 -.849 .24 592 1.582 .293.?:s -S0 .24 5 .70.4
OM03 . #.52 .1 5 -. * 355 *555 1 .44 036* ~ .12 .62 -.264 -.290 *354 *55*1 .70 a 4

TABLE 4. 12

74# 02 .%1)
P0 103311 t 0.0 i dlT

Qh .a7 3$23.Q

~ C P N . C P AI e c p C P - C 1 - c p u -
*l .321 .67 -S.214 O"Ota 012 A6l .193 d~

11 A .2 ,44 .10 .0 3 N .o o n q .t63 0.008f
.2fl8 -.Si fly% 

7.01... .A,
.2 180t.2?00  -10.022 ".*A.12 1.97" 75 O~ n

AS .1.$ .. . : On:~.105 7.0117 ":000

Old -1 430 1.17. .s492 0.0" 1.011 1.110 8Oon
-1.44 .20.1 .6 7gS O8.088 oaf*~j ~ .4. .. 50 -1-042 1.21? .1.1 O. 08.On 62

*4%~~-10 .4823 .47..00"n08 .312.

av$. O4n .3 5
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TABLE 4.13

RUN 9604

m .744 C2 .46 STAT. INSTAT.
ALPHA ,8t FREG 303. RE IN
PO 10680. K .068 CL .463 2.710 -.914
RE 2.23E& C1 .105 .157 .074

UPPERSZIOE LOWERSIOE

X/C CP+ M+ CPRE+ CPIM+ CP- m- CPRE- CPI1-

.01 .329 .605 -3.845 1.210 .332 .604 4.bO0 -2.394

.05 -1.096 1.225 -8.314 2.739 -#435 .924 7.494 -2.975

.10 . -1.153 A.257 -8.638 1.809 -.486 .945 6.085 -2.661

.15 -1.111 1.234 -8.954 1.699 -.517 .959 6.092 -2.130

.p0 -1.062 1.210 -7.623 3.184 -.566 .980 5.31 -2.170

.25 -1.041 1.199 -4#752 3.917 -,619 1.003 5.684 -2,446

.50 -1.023 1.190 -10.681 4.692 -.627 1.006 6.345 -1.730

.35 -1.009 1.184 -12.728 6.138 -.652 1.017 6.361 -1.423

.40 -1.012 1.185 -12.75? 7.085 -#687 1.032 5.064 -1.614

.49 -1.011 1.1A5 -14.213 8,315 -.665 1,023 3.797 -1.090

.5n -1.007 1.182 -18.5"6 11.621 -.564 .979 2.687 -.537

.55 -1.0 1.194 -13.99& 5802 -.360 .892 *816 .058

.6n -1.030 1.194 -9.447 1.031 -.187 .821 .393 .I02
,65 -.722 1.049 20.134 -12.438 -.035 .758 0149 .119
.70 -.449 .931 6.371 -4.040 .096 .70 4 .111 .-04

.75 1-.297 .67 5.07A -1.595 .200 .660 1.217. .352

.A -.16a et3 %.13 -.455 .276 .628 1.495 .433
P-5 -.048 .764 .b63 -.076 .337 .602 -1.636 .497

- *qO .061 .719 -.696 -.12? .3n 58 1.032 .167
$9 ISO 4hR2 -1.4L9 ..302 .3ti7 .580j *319 -6168

TABLE 4...4

2 ~ ~ C 1::4 . DaSTT TAT.

ALP4A *85, FRQ 800, Re IN
p0 103639. 41 L 1 "9

vlo..

.;:- CPO NoN C6f4E+ C-'N C,

I
.... % .32 A .60 -2R#48 1-.47 *33 R60 24 |107

.123 *4O6 .*1 -0,456 •412+. . 1 -. " 8,9 .o8 1.

.10 -161 1,20 -3,525 -.4 5:170 1

15 -1125 1.24 l5s4S6 .. ,956

.. .00 5 3 0 6 -. "s * : -1 - 6 5

.30 *1,041 1.8 111 -064510 *4,1§ 42 1.003 5.614S -.163
n .50 ), 5 "'1,163 -45. -60S## -442 1#012 51170 -6252'10032 3. -3S.0# 6.016 -.471 1,028 21639 -16 •

• -. (#b -059 1.031? .,m=10 199 2.138" . 019 i

" 0 -1.015 16% 4.6,lO 10.41 -. 55862 916 - .36S 1.i23
4" .. 55 . -1401%. 216 . -5.4t0 9#10% -. 59 *892 .4035? 1.266

.O ,?+ 1.02, -4021 014, -,459 ..03% %*Hs ,131 1.

.70 *.5 930 312 -61001 .05 .10 .092 .222
;'5 -F05 .0, .6330) -,.9i .202 .659 " ,I19 .911

., 1 - 14. 1 East -,.6l .276 .621 1.1,16 t3

.4,5 -.050 164 409 -1.202 "39 6G1 I.vo? 6359

.90 .860 4119 -00t -4o'5 6380 .4503 10053 .295
,VS .014 .4"2 -. 7n " ..330 .1" .579 .02 ,069 I'4+ +

+ .. • ...

+ I !



4-14

TABLE 4.15

Pressure distributions for NLR 7301 with control surface and transition strip at x/c = .07
ZERO FREQUENCY TEST DATA NLR 7301 WITH OSCILLATING FLAP

UPPERSIDE LOERSIDE
X/C CP+ H+ CPRE+ CPIM+ CP- H- CPRE- CPIH-

.010 .121 .470 -2.816 .000 .067 .485 3.157 .000

.030 -. 940 .730 -4.084 .000 -. 467 .619 3.189 .000

.050 -. 873 .715 -3.457 .000 -.535 .636 2.607 .000

.100 -.627 .657 -2.129 .000 -. 465 .619 2.207 .000

.150 -. 568 .644 -1.839 .000 -. 468 .620 1.846 .000

.200 -.544 .638 -1.718 .000 -. 474 .621 1.706 .000

.250 -.533 .635 -1.670 .000 -. 481 .623 1.646 .000

.300 -. 523 .633 -1.622 .000 -. 489 .625 1.645 .000

.350 -. 511 .630 -1.597 .000 -. 485 .624 1.645 .000

.400 -.509 .630 -1.621 .000 -. 496 .626 1.685 .000

.450 -. 504 .628 -1.597 .000 -. 483 .623 1.786 .000

.500 -.500 .627 -1.693 .000 -. 430 .611 1.807 .000

.550 -.489 .625 -1.766 .000 -. 328 .586 1.768 .000

.600 -.469 .620 -1.958 .000 -. 222 .560 1.770 .000

.650 -.421 .608 -2.102 .000 -.109 .531 1.812 ".000

.700 -.340 .589 -2.389 .000 .008 .501 1.854 .00

.725 -.286 .576 -2.509 .000 .053 .489 1.854 .000

.0760 -.271 .572 -3.496 .000 .115 .472 1.975 .000

.775 -.235 .563 -2.580 .000 .138 .465 1.635 .000

.800 -. 171 .541 -1.761 .000 .174 .455 1.355 .000

.850 -.067 .520 -1.013 .000 .227 .440 .955 .000

.900 .020 .498 -.361 .000 .259 .431 1.016 .000

.950 .097 .477 -.408 .000 .269 .428 .575 .0OU

TEST DATA 11OEL DATA OVERALL DATA
STEADY UNSTEADY

HEETRUNNR. 250 ALPHA .00 DEG. RE II
MACHI .503 DELTA .02 DEG. NORAL FORCE C0 .173 1.090 .000
Q (PA) 15004 AI!PL. .95 DEG. HOHENT(1/4C) CH .058 .393 .000
RE 1.69E6 FREQ. .0 IZ FLAP FORCE RC .0625 .1634 .0000
MARH 1 RFREQ .000 HINGE )OMENT NC *0039 .0246 .0000fDENTHR. 10

TAmL 4.16

FUNDAMNAL ?4EqUECY TEST DATA IM 7301 IIT# OSCILLATING rLAl

UPPESIDE. LOVZRS101
SIC Cr. M* Crag+ CP1N4 Cv- - Me- CrIm*

.010 .126 .469 -2.159 1.234 0649 .484 2.243 -3.S19

.030 -.935 71 -3.01S 1.357 .-.464 .1 2.613 -1.422
050 -*$b1 ,13 *63 1.411 -.331 .634 .973 -1.323
.100 -.629 .55 -1.90 4981 -.472 .620 1.900 -,160
.350 -.510 .643 -1.384 .153 -.471 .620 1031v -.039
.200 -.$4S ,635 -16231 429 -.414 .621 1.321 -.67;
.20 -.SJ4 .635 -1,237 .029 -.403 .623 1,201 -.$68
.300 -WS22 .432 -10343 .453 -.As8 .624 0974 -. 644
.350 -. 1M . l -. 342 .484 -.401 .424 1.304 -.447

-400 .4ov -24 -10290 .421 .-497 .624 16419 .3
'SOD -. 501 ,427 -1.5SI *26S -00) 4610 I-Sit -:320

.256 -263 .574 -i.$O .266 - 2 .sas , .22 .201.660 -.410 .0620 4.6 20 ,247 -. 222 *11$9 I.6 -. 024
•iO -,421 ,100 -100S4 0239 -. 107 ,$30 1*,20 .IS2
• O . SS -2.141 .071 .00 SO 14110 .319

02 - .211 .'574 -20416 .144 
l

l .'m 18 .1.413 0105

4.4160 -.269 ,971 -31.44 .07 .311 .471 2123 .492
.. s -.233 'S62 -26126 -ils .i4o .44s l.7, .473
*Boo0 -.171 .%4 -11011t -.2-11 14 .45S 1.565 .&S6S.630 -.06? .20 -.001 -. 59 .12 .440 1.119 .419
.900 .022 ,401 -.S61 -.069 .261 .S30 .955 .141
.9-O 01 .416 -*42S -0194 .2yO .426 .511 .225

itta DATA O09L DA? OVINALL DATA

M1919000110 2%3 ALOHA .00 Oka. It IN
NACM .302 ELTA .02 VI. H0W4L VOICI CL .172 .927 -*l9IPA)*1 13024 ANP7L .01 9EC. MOSN?(3/4C) em .01 .41I .05at 1.4196 OtEQ. 30.0 %z IA rOaSt RC .0213 .1703 .0374

NA&iN I lrla3 W01 01949 VOM 1 C -001 .0255 .0017
tu". go

i I
3 :
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TABLE 4.17

ZERO FREQUENCY TEST DATA NLR 7301 WITH OSCILLATING FLAP

UPPERSIDE LOWERSIDE
X/C CP+ H+ CPRE+ CPI14+ CP- H- CPRE- CPIH-

.010 .009 .699 -.832 .000 .583 .461 1.305 .000

.030 -1.467 1.312 -.984 .000 .055 .681 1.750 .000

.050 -1.597 1.381 -1.214 .000 -.107 .743 1.775 .000

.100 -1.562 1.361 -1.078 .000 -. 208 .782 1.574 .000

.150 -1.501 1.329 -1.345 .000 -. 259 .801 1.550 .000

.200 -1.459 1.307 -1.522 .000 -. 312 .821 1.614 .000

.250 -1.430 1.293 -2.411 .000 -. 356 .838 1.644 .000

.300 -1.302 1.230 -10.641 .000 -. 380 .847 1.683 .000

.350 -.857 1.035 -23.199 .000 -.424 .864 1.890 .000

.400 -.633 .945 -3.794 .000 -.466 .880 2.258 .000

.450 -.616 .939 .741 .000 -.476 .884 2.263 .000

.500 -.641 .949 .823 .000 -. 423 .864 2.263 .000

.550 -.638 .947 -. 449 .000 -. 304 .818 1.914 .000

.600 -.605 .934 -1.202 .000 -. 188 .774 1.957 .000

.650 -.506 .896 -1.699 .000 -.062 .726 1.971 .100

.700 -.381 .848 -1.984 .000 .063 .678 2.034 .000

.725 -.307 .819 -2.121 .000 .117 .657 2.063 .000

.760 -.252 .799 -2.488 .000 .178 .633 2.235 .000

.775 -.217 .785 -1.813 .000 .205 .622 1,847 .000

.800 -.152 .760 -1.168 .000 .245 .606 1.503 .000

.850 -.042 .718 -..743 .000 4305 .582 1.110 .000

.900 .044 .685 -.785 .000 .338 .568 .874 .000

.950 .106 .661 -1.093 .000 .337 .568 .423 .000

TE.T DATA MODEL DATA OVERALL DATA
STEADY UNSTEADY

MEETRUNNR. 129 ALPUA 3.00 DEC. RE IX
MACH .702 DELTA -*.08 DEG. NORMAL FORCE CL .593 1.410 .000
Q (PA) 25035 AMPL. .95 DEG* 1IOHEET(I/4C) Ch .052 .484 .000
RE 2.14L6 FREQ. .0 HZ FLAP FORCE AC .0745 .1615 *0000
HARM U FNMEQ .000 HN1GE HOMENT VC .0073 .0282 .0000IDERNR.t S

TAWXI la.18

FUNDAIENTAL VkUQV1bCY TEST DATA NLR 7301 VITU OSCILLATING FLAP

UPPEUSIDE LOUguSive
C/C P+ * PIL9E4 CfPH* CP- M- CPrE- CPIN-

.010 .006 .699 -.109 .568 .5MA .460 .94U -.629
•0.0 -1,47 10312 -#9i .945 .039 .679 1.8$5 -694
.:00 -t.6oo 1.300 -1.121 .85 -.Iq5 ,142 .646 -I.051
100 -1.59 I.358 -*ll .705 -.201 .701 .162 -.933
IS.5O -1.0so 1.026 -1.116 .902 -.250 *600 .96S -.926

.200 -1,451 1.30S -1.220 46009 -.310 .660 1i000 -.Ago

.250 -1.416 1.289 -1.726 I.SO -.316 .W37 1.007 -6654

.300 -i.217 1.21 -5.714 4.5i -.319 .i46 1.191 -. 5s)

.350 -,6i0 1.043 -17.495 10.740 -.422 .163 ".42i -. 661

.400 -.0$2 .952 -$.:3 .638 -#462 .i78 1.519 -,tss

.450 -.612 .Vi -.313 -A*670 -.406 .003 1*.74 -.446

.500 -.640 .910 -.030 -1.432 -4422 4.83 1.1l -.619
•55 G -.634 .946 -.68 -0.3 61 -. 0I .616 1.33 -'49
.604 -.599 .311 -1.5O3 -.t6 -.1111 .171 1.990 -.339
.50 -,S. .694 -1.68 -.S36 -.051 .?1& I0d6 -6116
*700 -,379 .846 -.,.4Go .06b .16 2.186 -. 30
.75 -..3.? .81 -2. 140 -*419 .i11 .656 2.1i -.010
.60 -.23' .109 .-14611 -.232 *17?3 A,6 2.48 .0S9
.775 -.211 .114 -1.9ui -.440 .201 .622 i.IS .9s4
.00d -. M1 .151 -1,136 -.595 .243 .606 1.63 .M9
.850 -.042 .718 -.629 -.342 .304 4$22 13341 .24

.$so .0911 .663 -1.104 -4t%4 .)11 0569 .051 .07

TElS DATA heoct DATA OVUkAJL ,ATA
# iTEADY UNSTUOAT

HCE?6RONS. 120 AL'A .0-0 UG. RE IN
NAC* M i 61:LTA .03 b. OMAL FOC CL .$sI 1.21) -.350
q IVAJ SO6 ANFL. "91 OiC'.- aI~l(1IC) Cft 053 .516 .06
At 2.146 MlQ. 30.0 NZ ILAP #0RC3 AC .0046 .9183 .034
9AIH I - 4*MEQ .071 3lituc 1218"t we ,0013 .021i .,068

),tlliX.- -S-
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TABLE 4.19

ZERO FREQUENCY TEST DATA NLR 7301 WITH OSCILLATING FLAP

UPPERSIDE LOWERSIDE
X/C CP+ M+ CPRE+ cpltl+ CP- ?I- CPRE- CPIK-

.010 .329 .613 -.993 .000 -312 .621 1.591 .000

.030 -.958 1.178 -1.801 .000 -.287 .874 2.148 .000

.050 -1.016 1.207 -1.983 .000 -.451 .945 2.308 .000

.100 -1.092 1.246 -1.542 .000 -. 512 .971 2.319 .000

.150 -1.034 1.216 -2.036 .000 -. 531 .979 2.167 .000

.200 -1.008 1.203 -2.465 .000 -.582 1.002 2.383 .000

.250 -.976 1.186 -3.181 .000 -.623 1.020 2.458 .000

.300 -.956 1.177 -4.652 .000 -.671 1.042 3.444 .000

.350 -.937 1.167 -8.831 .000 -.690 1.051 3.920 .000

.400 -. 918 1.158 -8.427 .000 -. 732 1.070 4.483 .000

.450 -.872 1.136 -8.701 .000 -.701 1.055 7.333 .000

.500 -. 748 1.077 -9.521 .000 -.584 1.003 3.770 .000

.550 -. 762 1.083 -7.920 .000 -.376 .912 2.504 .000

.600 -. 626 1.022 -5.886 .000 -.204 .839 2.268 .000

.650 -. 519 .974 -1.835 .000 -.058 .778 2.313 .000

.700 -. 380 .914 -2.003 .000 .077 .721 2.401 .000

.725 -. 299 .880 -2.145 .000 .132 .698 2.760 .000

.760 -.249 .859 -2.340 .000 .201 .669 2.467 .000

.775 -. 214 .844 -1.779 .000 .228 .657 2.142 .000

.800 -.143 .814 -1.193 .000 .268 .640 1.850 .000

.850 -.024 .764 -. 710 .000 .330 .613 1.482 .000

.900 .073 .723 -.917 .000 .369 .596 1.169 .000

.950 .142 .694 -1.268 .000 .372 .594 .670 .000

TEST DATA IIODEL DATA OVERALL DATA STEADY UNSTEADY

IIEETRUNNM. 160 ALPHIA .85 DEG. Re Vt
HACH .754 DELTA .01 Dec. NORMAL FORCE CL .352 2.043 .000

Q iPAJ 27504 AtPL. .96 DEG. PtOMENT(1/4c) ch *076 .814 .000
AE 2*23E6 FuEQ. .0 11z FLAP FORCE KC .0761 .1870 .0000
PARK I 0FREQ .O00 HINCE HOlIEN NC .0011 .0345 .0000
IDENTOI. 6

TABUS 4.20

FUNDARENTAL FEQURc'h TEST DATA ULU 7101 UITN OSCILLATING FLAP

iu ppKIS|DE t"fusiol

li Cp+ P* K CHM4* cpli* cr- II- ME~- 411If-

.010 .329 .614 -.452 4624 .114 .621 9)W .1024

.030 -"936 1.18 -.$I9 1.044 -.287 .83 1,4620 -i,60
,050 -1011 3.209 -.210 .923 -.,32 .06 .245 -1.101
.100 -1.090 1.24? -.330 .VI -.?.1" .972 .404 -1.29
.10 -1.033 1.211 -.479 1.411 -.330 .0+0 . -I1.3
.200 -1.001 l.201 -.534 1.159 -. 73 1.000 4600 -14)76
• +$0 -.975 .168 -.699 1.esi -.421 1.026 .195 -1.+4?
.300 -:93 1.116 -.11 2.%24 -.411 1.044 .93v -1.819

i..$sif -.gas 1*165 -1.392 4*i14 -. 694 Iusi 1ovol -2,221

-.61 1.117 -3.247 4,176 -026 k.00 . l -1I60
S.430 -.834 1.1i9 -4.404 4 26 -.720 4 66S 5.10 --.04i
.00 -.800 I.i0) -7.426 6.778 -.$#3 1,004 .11 -1.33&
.50 -. 16) I..01 -10.50l 1.311 -. )1? .91 2.11l -. t90
.000 -.679 1.061 -4.004 -3.40) -.201 .642 1.98) -.3M9

.072 -2.092 -1.10 -. 0%9 .M79 l.2 -*.100 -.311 .911 -2.063 -.Sig .0) .22 2.323 -.229

4, .725 -.20 .Ili -2.294 -.345 .131 .W,0 2.299 -.27)
.140 -.214 60%. -!.)7 -.176 .01 04WO 2312 -.376

.?315 -03 .543 -1.106 -.61S .122 .o5 8 .lp -.024S .100 -.13? .i12 -.9c9 -.S43 .*3 .441 1.91I -.000

450 .136 .6"2 " .s0c 4 -.264. .372 .59I .441 .,i

IM51 DATA .HOOMI oATA oVCALI DATA
STEf5?AII URRSTE~t~i

"flETRUVke. 14 ALP14A .s DEC. ti I"
NACK .133 DELTA .01 eG. WOIAL vOCt tL .30 1.325 -.0Z6
q 31e3 21%30 APL. .9s 0vC* RHUERI/4I.-) CN .016 .10i -.1l0
s 2.2"& Uetq. 30.0 a FLAC foatt ke :079 . 111 .0193

Stoot".
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TABLE 4.21

FIRST HARMONIC TEST DATA NLR 7301 WITH OSCILLATING FLAP

UPPF.RSIDE LOWERSIDE
1/C CP+ M+ CPRE+ CpIN.,; CP- M. CPRE- dIM1-

.010 -329 .614 -. 015 .015 .313 .621 -.047 -.066
.030 -. 956 1.178 -. 048 .042 -. 288 .875 -. 045 -. 018

.050 -1.014 1.207 -007 -. 005 -. 452 .946 .016 .011
.100 -1.090 1.247 .008 .005 -. 512 .972 -. 043 .001

.150 -1.033 1.217 -. 027 .026 -. 531 .980 -. 033 -. 010
.200 -.999 1.199 -030 .063 -.574 .999 -. 058 -. 012

:250 -.974 1.186 -. 105 .153 -. 621 1.020 -. 111 -. 015
.300 -.954 1.177 -139 .242 -. 674 1.044 -. 039 -. 088
.350 -. 930 1.165 -. 507 .848 -. 690 .1.051 -. 149 -. 191
.400 -873 1.137 -2.026 2.922 -. 727--.068 -. 182 -. 189
.450 -. 830 1.117 -2.427 -. 632 -. 719 1.04 .968 -. 052
.500 -.795 1.100 -1.356 -4.594 -. 582 1.003 .159 .015
.550 -. 761 1.084 2.920 -3.489 -.374 .912 .012 .044
.600 -. 674 1.044 2.237 2.641 -. 202 .839 .031 .001
:650 -. 510 .971 ..267 .~..,514 -. 056 .778 .067 .029
.70 1^ -. 371 .911 -. 110 .211 .078 .721 .105 1012
.725 -. 295 .879 -. 182 .029 .131 .699 -. 016 -. 010

:760 -. 239 .8S5 -. 202 -. 082 .202 .669 .092 .003
?is5 -. 206 4841 -339 -. 126 .227 .6SS .076 -.015
.800 -.137 .812 -Al50 -6159 .267 .641 .058 -.009
.450 -.021 .763. -.062 -.020 .330 .613 .008 .000
.900 .069 .725 .6 .196 .369 .596 -.001 .020
.950 .135 .697 . 431 .257 .372 .59S .040 .014

TEST DATA MODEL DATA OVERALL DATA
5TEADV UOSTEADY

M99TRIJNNI 149 ALPHA, .05 DIG. at INHACH .754 DEL.TA .02016. NORMAL YORCR CL .350 .037 .007

Q IPA) 27528 AMPL. .95 090. .. NONENT(3/4C) Ch .074 -.004 .013
RE 21.2356 VrEQ 10.0 91 FLAp FOWE kc .0759 .00)3 -.0034

040". 2 &FRQ 007 MINOS MOIIINT Nc 010014 -000 -.0011,

SICOND MAINOKIC T1S1 DATA, VI,# 130 1111 OSCRLLATI#C #LAP

lie Cp+ N.p CP'U* OPI+ Cf- M. P- C 0114-

.010 .319 .614 .033 .03 .53 .421 .035 . -.0sy

.030 *-ts% 1,104 -.032 .011 -.384 .41% 004 ... .03
.050 ..dhA 0 It -I -.4640 .046 -6454 .446 4,05 ol03
.to -4.091 1.247 -.000 .031 -.Sit .912 .02000.

:ISO -4.014 .211 .i 017 00 -.530 .900 .035 .0
.200 -1.001 16201 .001 *06) -.Sts 1.000 .023 -.001
.?so -.912 J*IFS -. 00i .043 -.610 1,020 U I f .018
.30* .4 4 1 17 .-IIS -00 -it& -.6711 1443 -031 .001
A30 -3 16164 -.139 .111 -b6#9 1.051 .09) .060

.&00 -. 10 .434 -1.110 1.1%0 -. 721 1,04S .153 i107l

.As0 -.529 1.134 .5*7- -2.109 -.719 1.06S ISO5 -.031

.S00 -.00 Islas 1.01$ -.739 -. W t 1.303 '6041 AM3
.$s0 - 15 .642 -$to 2.41% -. )13 b913 .004 We0

.451 -*111 .412 ...111 -.As$ -.as? .779 .04 .111
5700 .sit .9111 .001 -4134 .010 *7a3 .090 .149
?is5 _-O25 All* -.004 --111 .131 -0.9 .031 .113
.140 -.2w9 ..85S .060 .- 0462 .20t .(m o0il .102
AM1 -. *" .4 .043 0. .013 4910 .00 .011 .114
too0 -.136 A 12 '014 -.009 .24.8 .64 .024 .100
.850 .2 .166 .033 -40$6 . .330 .6k)Ok .01 03

.9* .49 .721 .01) -$to.4. .9 -.006 .0sa
.930 kA2 .697 -sol$ *15 .51 .3.9S -. 024. .031

TW~ 04AA .A1 MUn laT OVSRALL DAIA.

801twum196 1$0 ALPMA 4 .5 *O. 01 11
MACN 075s . VULA .02 ttu. RURAL #ORCE 4;%, .350 .033 .043

at 737 AWPL. 9300. S *N1AOvic ac 0739 -.00031 14
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TABLE 4.23

FUNDAMENTAL FREQUENCY TEST DATA NLR 7301 WITH OSCILLATING FLAP

UPPERSIDE LOWRASIP,
X/C CP+ M+ C:+ CPM CP- M- CPRE- -
.010 .334 .613 .154 -.688 .316 .621 -).050 1.042.030 -.946 1.177 .465 -1.072 -.205 .877 -1.841 1.39'.050 -1.006 1.207 .190 -.692 -.452 .94e -.922•100 -1.03 1.247 .122 -.70) -.511 .974 -1,.42 .505.150 -1.026 1.217 .099 -.,09 -.530 .982 -!.559 .244.200 -.993 1.200 -.103 -.925 -.573 1.001 -1.835 -.147.250 -.966 1.187 -.332 -1.094 -.616 1.021 -2.146 -.784.300 -.945 1.176 -.,50 -1.161 -.670 1.043 -2.01, -1.42$.350 -.925 1.166 -.959 -1.320 -.680 1.050 -1.036 -3.774.400 -.896 1.152 -1.049 -1.833 -. 712 1.C65 .422 -5.230.650 -.788 1.100 -.505 -5.948 -.733 5.176 i.262 "6.610.300 -.695 1,057 7,227 -1.821 -. 72 1.001 6.297 -1.647.550 -.667 1.053 7.596 3.866 -.363 .911 4.839 .422.600 -.661 1.041 .002 10.300 - 199 .#40 3.657 .g54.650 -.545 .989 -7.826 7.013 -.057 .781 3.38 .954.700 -.369 .913 -6.432 ,319 .070 .727 3.207 .975.725 -.299 .883 -5.431 -.581 .122 .705 2.87 1.038.760 -.229 .853 -5.075 -1*452 .196 .673 2.809 1.223.775 -. 198 .840 -4.991 -1.79t .222 .662 2.675 1,415.800 -.132 .612 -3.286 -2.022 .263 .644 2.336 4.13$.850 -.020 .765 -1.446 -1.301 .326 .617 1.637 .782•900 .070 .727 -1.047 -.845 .364 .600 1.301 1.543.950 .135 ,699 -1.397 -.102 .367 .$18 .711 1,049

TEST DATA MODEL DATA OVIALL DATA
M SEADY UNSTKAVY1E0TRUNMU. 162 ALPHA .85 DIC. TSERACK . 5 E OILTA -.01 DIG. NOIMAL FORCE CL .339 .*1) -. 10aQ IPA) 27637 ARPL4 .90 DiG. NOMIIT(14) cm ,013 .740 -.024It 2.2396 7IQ, 200.0 62 FLAP FORCE, Re p6 .2801 .18)2$AIM 1 IfIQ .445 HINGE M"H#? 4 .00?) .044) *0)40

JAI

* 4

.4L

A.+
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NLR 7301 AIRFOIL UPPER1 SURFACE

TRANSTION STRIP AT x,c ~.0.3

000

0 00000

00

00 00

0 0

0 00 0

00

0

0

- 4.64
it It

491 Ili

~~., It kith 9w4tv ~ ~ ~ ~ ~ pt4
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* NLR 7301 AIRFOIL. UPPER SURFACEM.075a -.0.85' Aa~ 0.5*M..575m

-1.5 NLR 7301 AIRFOIL
* M -0.70 eam=0. 3

* A-%0.5'

C0 TRANSITION STRIP AT x/, 0.3
F 0 C REPEATED TESTS0 00 NATURAL TRANSITION

00000 -000-1.0 00 kc' x Re.2.1 10

0 00 00 <THINAIRFOL.

0 00 0 THEORY

C-0 0 2-/
0

0

0
000 0 .1I2 t

.5

MAGNITUDE fAC.1

0 .2 .2. THEORY

/ ':~~ II HEORY -g

. .2 0 .I It
IS 1

I NATURAL TRANSITION
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DATA SET 5

NLXq 7301 SUPFRCRITICAL AIRFOIL OSCILLATORY PITCHING

by

Sanford S. Davis, NASA Ames

IN'RODUCTION AND DISCUSSION

Test data on th, NLR 7301 supercritical airfoil were acquired concurrently with the :ACA 64A010
3ata previously described in Data Set 2. The purpose of this Data Set is to tabulate n~umerical data from
those tests that can be associated with the AGARD CT Cases and to present an overvtaw of certain para-
metric data trends. The test arrangement for this airfoil is the same as that described in Data Set 2
and is reproduced in Fig. 5-1.

Users of these data sould be aware of some differences in the niethods of specifying the geometry
of the NLR supercritical airfo.tl whose general properties are described in Ref. 5.1. The differences be-
tween the original coordinates which, as given by Table 4.1 o Data Set 4, locate the sharp trailing edge
at eC 1.015, and the transfooaed coordinates given by Table 5 of Ref. 5.2 are explained in Data Set 4.
However, the coordinates used tt, construct the model of the present tests were derived from the original
specJfication in let another manaler. As for the rodel of Data Set 4, the physical model of the present
tests was obtained by truncating the trailinc edge of the original design at X/C - 1.0. But unlike the
modal of Data set 4, the chord wat redefined as the line connecting the nose of thp airfoil with the
bisection point of the truncated trail.ing edge. In effect, the design shape of the present model is the
same as that of the NLR model of PDa Set 4 and, apart from the trailing-edge truncation, is the same
shape. as that defined in*Ref. 5.2 for the AGARD Computation Tests. However, because of the method of
defining the chord line, there is a alight difference in the definitions of incidence. The sensitivity
of the com ted flow to the minor variations listed above is not expected to be a major problem, but the
analyst should be aware of their existence.

The data base for this airfoil is presented in Table 5.1 and consists of 95 parametric combinations.
The data subset corresponding to a pitchiig axis at 0.40c is listed in Table 5.2. The AGARD CT Cases
advocated in Ref. 5.2 do not precisely matmh the current data set. In Table 5.3 tests fro the currentseries are correlated with the AGARD CT Cases by matching similar mean flow conditions. The three flow

regimea selected are: (1) a subcritical Mach number, (2) an off-design flow condition with a strong shock
wave, and (3) the supereritical design point.

In these tests lower surface unsteady pressure data were sacrificed for the sake of increased upper
surface resolution. For this reason lift and moment data are not availmble. in Tables .4 to 5.23
first harmonic upper surface and steady pressure data for the 20 runs identified in Table 5.3 are repro-
duced from Ref. 5.3. Complete instantaneous pressure distributions are presented in Tables 5.24 and 5.25
for the high Reynolds number data associated with AGMD CT Cases 6 and 8.

* I Zn Figs. 5.2 to 5.10 the steady pressure distributions are shown, and certain parametric trends
ate presented concerning the upper surface fundamental frequency pressure distribution. The picture that
emerges is one of a complex dynamic flow pattern that is sensitive to many parameters. More coordinated
research needs to be done before definitive data suitable for aeroelastic applications become available.
Other superoritical airfoil data way be found in Data Set 4 and the references cited herein.

depicts a subsonic flow condition where the classical thin airfoil theory should remain valid. The

z general trend confirms the flat place theory -- decreasing real portion and increasing imaginary portion
as froal-noy increases -- except fwr the curious dip just upstrem of the O.2c station. This phenomanon
is cohjli nt with the full time-histories and coaparison with other data (see Fig. 5.8) will show that
it is I Ally A viscous effect. (The dip In the mean pressure distribution at approximately 0.4c was
traued L o surface wave in the airfoil contour.) In Fig. 5.3 the Hach number and mean angle of attack
%rs noreased enough to induce a strong shock wave with possible eparation at the trailing edge. The
pressure distrbutions are dramatically different at the two frequencies shown. An especielly important
point, one that cannot be stressed too strongly, is that the variation of unsteady lift and moment (not
shown) may show erratic trends with frequency because of the balancing of positive and negative lobes in
the pressure distributions, More examples of this ph nommon are described in Raes. S.4, 5.5 and 5.6.
Figure 5.4 completes this series by showiny the variation of unsteady pressure distributions with frequency
at the supercritical design point. Unlike conventional airfoils, a broad, high level of unsteady loading
persists over the torward portion of the airfoil at low frequencies. The net effeet is largear unsteady
loads on suprritical airfoils than that usually found on conventional airfoils.

The next series of three figures shovs data trends with varying oscillation amplitude. Figure 5.5
indicates that the normalized oscillatory pressure distribution remains relatively invariant in subsonic
flow. This is a good Indliction it a linear response over the range indicated. Figure 5.6 shows only
minor departures from linearity up to oc - 16, even with a strong shoc.k wave present. Figure 5.7 shows
pr.ogessive change.s with amplitude at the supaeeritical design point that cast doubt on the linearity
assumption. Whether or not the respwse cutvs are usufficietly lin"er must Await aoeastic sensi-
tivity calculations.-,.:.: .:.,.

I ? ,.
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The next series of figures shows the scale effect on the steady and oscillatory pressures. In this
connection, it should be noted that the model did not have a boundary layer transition trip. The trends
on the unsteady pressures are disconcerting because the Reynolds number seems to be an important parameter,
especially at and near the supercritical design point. In Fig. 5.8 the major effect of increasing Reynolds
number is to induce the leading edge dip in the unsteady pressure distribution. In Fig. 5.9 the first
harmonic pressures aft of the shock wave seem to be most affected. This may cause major changes in the
unsteady moment as well as thn lift. In Fig. 5.10 the unsteady loading at the design point seems to be
significantly affected by changing the Reynolds number. At this stage it is impossible to trace the root
causes of the relatively severe scale effects on a supercritIcal airfoil (see Ref. 5.3 for other data).
A computational model that includes all of the significant physical effects is surely necessary.

The higher harmonic content of the unsteady pressure distributions is also significantly affected
by flow condition. Figure 5.11 shows the complete space-time pressure distributions at the supercritical
design point (CT Cases 6 and 8) when Re = 11.5 x 106 . The harmonic distortion is significantly affected
by the frequency parameter, but is concentrated near the end of the region where the steady flow is super-
sonic. General trends should not be deduced from this special choice of parameters, just as harmonic
distortion in the overall loads cannot be inferred from the harmonic content of the pressure distributions
themselves (Ref. 5.4).

1 AIRFOIL

1.1 Designation NLR

1.2 Type of airfoil Superoritical - t/c 16.5%

1.3 Geometry Table 2 of Ref. 5.3

1.4 Design condition M = 0.721, um - -0. 1 9 ' (thewux cal, quoted in
Ref. 5.2)

1.5 Additional remarks

1.6 References on airfoil See Introduction of this Data Set.

2 MODEL GEOMETRY

2.1 Chord length 0.50 m (19.685 in.)

2.2 Span 1.35 m (53.2 in.)

2.3 Actual model coordinates and Ref. 5.3
accuracy of measurement

2.4 Flapt hinge and gap details None

2.5 Additional remarks Node. mouted between splitter plates - see Fig. 5.1
2.6 References on model RoE. 5,.3

3 WZtW UZHEL

3.1 D##ignation NASA AmO 11- X 11-foot Transonic Wind Tunnel

3.2 Typo of tunnel Closed return, variable density

3.3 ' est section dimamions .3.35 X 3.35 X 6.7 b (11 X 11 X 22 ft.)

3.4 Type of roof and floor 04flod slat

3.5 Type of side wals Sam ase 3.4.

3.6 Ventilaton g y .7kcm (0.7 in.) gloti, 24.4 cm (9.63 in.) slats.
Op.i area latio -o 8% betwn apLittere.

3.7 Thicknass of side wall boundary layer Very thin. due t.#plitte r
3.0 Thickneos of boundary layers at oof Appm. .?.4 ( (3 in.)

and floor

3b9 Nethod or masuring Mach number Static tvs and splitters, see Roft 5.6.

3.10 Uniformity of Mach nua)*r over tO.00 .
test section •1

443.11 Sources and levels of noise or Not investigated
turbulence In Wty tunL,.al

3.12 Tunnel resonance. No"e noted

3.13 Additional remarks

3.14 References on tuwel W. 5.3

4.1 ode of applied motion Pitching about nominsl 0.400o. also vlungiw .

4.2 Range of amiltude *0-2 dogs *1 am
4.3 Range of frequency 0-60 us

4.4 Nothod of apldatta Pour graphite ep"y oI *ds vith differntial I
iNotin of forward 1z1 apr.'. Ii V. 5.1.
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4 MODEL MOTION (Continued)

4.5 Purity of applied motion Pure sinusoids

4.6 Natural frequencies and normal Lowest mode: torsion at 60 Hz
modes of rodel

4.7 Static or dynamic elastic distortion Not measured
during tests

4.8 Additional remarks

5 TEST CONDITIONS

5.1 Tunnel height/model chord ratio 3.35 m/0.50 m 6.7

5.2 Tunnel width/model chord ratio 1.35 m/0.50 m a 2.7 (between splitter plates)

5.3 Range of Mach number 0.40 - 0.85

5.4 Range of tunnel total pressure 50 kN/M2 - 225 kN/m2 (0.5-2.25 ATM)

5.5 Range of tunnel total temperature 290 K - 320 K

5.6 Range of model steady, or mean, 0 - 2.5 deg.
incidence

5.7 Definition of model incidence Chord line relative to wind tunnel.

5.8 Position of transition, if free Transition was observed using a sublimating material
at two flow conditions. At H - 0.453, am - 0.57,
Re - 4.5 x 106 a definite transition point was not
observed. At H w 0.708, tm 0.58%, Re = 6.2 x 106,

transition occurred at x/c ~ 0.10.
5.9 Position and type of trip, if

transition fixed

5.10 For mixed flow, position of sonic Not measured
boundary in relation to roof and
floor

5.11 Flow instabilities during tests --

5.12 Additional remarks --

5.13 References describing tests --

6 KFASUREMEWTS AND OBSEIWATIONS

6.1 Steady pressures for the mean conditions

6.2 Steady pressures for small charne# from the wean conditions,

6.3 Quasi-steady pressures

6.4 Unsteady presures €

6.5 Steady force* for the mean conditions maeured directly

integrated pressures /

6.6 Steady forces for small chong from th. mean onditioem masured 4lrectly -

!j intagrated pressures

6.7 Q si-st o i ae sus measured directly -

integrated pressures

'.8 Uastoady forc*. matured directly
': ,, lintegated.q preage

6.9 Meaurement of actual mot~on at point on Noda1

64.10 Observation or measurement of bwodary layer Pportlea /j
6.11 Visualttation ot surface f;ow

6.12 Visuallatlon of shckave 0ove-nta-s
Ai Additional remrks.

.1. Steady pressures

7.1.1 Position f orific e spsovl M1-span 29 uWer, 12 lower. (May vary with dato,
•]aid ebordvi" vs Tale 5.A for loain.)

7.1.2 TVe of measurig sayst peamtic

7.2 unsteady pressures

7.2.1 Position of orifice spasies M4-$pan* 29 upper, none on lover. (ay vary with
and chordi sv data., sa Table 5.4 fot l,0ations.)

7.2.2 Diameter of orifices 0.102 ca (0.040 in.)



7 INSTRUMENTATION (Continued)

7.2.3 Type of measuring system Strain-gauge-type miniature pressure transducers
installed close to orifice with minimum cavities.

7.2.4 Type of transducers Kulite model XCQL-7A-093.

7.2.5 Principle and accuracy of On-line calibrations. Up to 2% change in static
calibration sensitivity before and after run allowed.

7.3 Model motion

7.3.1 Method of measurement Motion of four push-pull rods with LVDT
(reactive-type) transducers. Phase synchronism
checked with wing-mounted accelerometers.

7.3.2 Accuracy 1%

7.4 Processing of unsteady measurements

7.4.1 Method of acquiring and pro- Real-time digitization with on-line calibration and
ceasing measurements diagnostics. Signal averaging over approx. 100 cycles

to suppress random noise (if present). Variable sam-
pling time adjusted to yield 60 data points per cycle.

7.4.2 Type of analysis On-line processing for frequency content of pressure
distributions and comparisons with linear theory and
other data.

7.4.3 Unsteady pressure qvantities Signal averaged (essentially instantaneous) pressured
obtained and accuracies distributions. Harmonic analysis of pressure die-
achieved txibutions.

7.4.4 Method of integration to Numerical quadratures (see Appendix A of Ref. 5.3).
obtain forces

7.5 Additional remarks

7.6 References on techniques Ref. 5.6

8 DATA PRESENTATION

8.1 Test cases for which data could be Table 5.1
made available

8.2 Test cases for which data are Table 5.3
included in this document

8.3 Steady pressures Tables 5.4 to 5.23

8.4 Quasi-6toady or steady perturbation Not available
pressures

8.5 Unsteady pressures Tables 5.4 to 5.25

8.6 Steady forces or moments Not available

8.7 Quasi-steady or steady perturbation Not available
forcs

8.0 Unsteady forces and moments Not available

8.9 Other foram in which data could be Magetic tape
made available if required

0.10 References giving other presentations Refs. 5.) to S.5
of data

9 CONNEMT ON DATA
9,1 Agouracy

9.1.1 Mach number 20.002

9.1.2 Steady Incidence *0.05 dog

9.1.3 ucaed frequency 10.005

9.1.4 Steady mesasure coefficients %
9.1.5 Steady pr'eurc derivatives H/A

9.1.6 Unsteady pressure coe tficiets 2%

9.2 Sensitivity to small change of No evidmce at undue seAativity
'1 pkrWmeatet

9.3 Spanwise variations Probably smll

9.4 NonlOiwarities Depend on parametric conitions

9.5 Influence of tunnel total pressure ihnisal on model distortion. pcobkbly all Reynolds
9 a tfeeber effect.
9.6 wall Interference corroto~ns U0 corrections mad*

9.7 Other relevant teatsamo sow wmdl mono
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9 COMMENTS ON DATA (Continued)

9.8 Relevant tests on other models of See Data Set 4 of this Compendium
nominally the scone aerofoil.

9.9 Any remarks relevant to comparison
between experiment and theory

9.10 Additional remarks

9.11 References on discussion of data Refs. 5.4 and 5.5

10 PERSONAL CONTACT FOR FURTHER INFORMATION

Sanford Davis, Aerodynamics Division, NASA Ames Research Center, Moffett Field, CA 94035
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12 NOTATION AND EXPLANATION OF TABLES*

GENERAL NOTATION

Co chord of airfoil, m

DI dynamic index, data identification number

fFRQ fresquen .cy# "e
k*X r~luced s.odimensionl) frequency# -":'

N free -stroam Mach nxo
RORE Reynolds nubr(basedoncrd

-It time, a

*V free-stream velocity, a/c

X#x distance atom airfoil, m
: ~X/c pitch axis position relativ* to eaadinq ee .

a (t) istantaneous incidence, dog(% + % cos w).

e-an incidance, do. -

do'% oscillatory pitch ampitude, dog-

Wradiani froquacy. radio (-2*f)

TABLES 3.4 to 5. 23

P5OT total pressure, wsm' (Ptl

P1#& static prevsure. 2 (I'.)1.

011W dynamic prossuro, N/a 2 Wq

CP (CPL) steady upp-)r (loelr) surface peteure " coefficent ( "

CM10,A noroalimd cosiplsx aplitude of u9jWr mewfac fundaawtal frequ&8cy ptrssure cooffiulet,
Per radiAn (0/a. oic/Aj

TABLES 5.24 and S.25

NOASE Pl ea angle te aft) Nut

ALVPhA oscilatory incidence o coa (ut)

C: instantaneous pressure coefficient to (t) ) p
Squaro-bracketed quatities indicate standard &GODP notation
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T BLE 5.1. DATA BASE FOR NLR 7301 AIRFOIL

DI M 'M' ReX1O 6  Motion H kDI M deg Hz k

115 0.453 0.57 4.47 Pitching 0.52 deg about x./c - 0.394 2.7 0.028
116 .453 .57 4.47 Pitching .50 deg about xa/c = .404 5.4 .055
117 .453 .57 4.47 Pitching .48 deg about 4a/c = .400 10.7 .110
118 .453 .57 4.47 Pitching .49 deg about x./c = .391 21.5 .221
119 .453 .57 4.47 Pitching .49 deg about xa/c = .394 32.2 .331
120 .453 .57 4.47 Pitching 1.04 de about xa/c = .384 5.4 .055
121 .453 .57 4.47 Pitching 1. deg about xa/c = .389 21.5 .221
122 .453 .57 4.47 Pitching 2. deg about xa/c = .393 5.4 .055
123 .453 .57 4.47 Pitching 2.00 deg about xa/c = .403 21.5 .221
124 .708 .58 6.15 Pitching .52 dog about 4a/c = .394 3.7 .025
125 .708 .58 6.15 Pitching .50 dog about x0 /c = .401 7.5 .050
.26 .708 .58 6.15 Pitching .49 dog about 4a/c = .402 29.9 .200
127 .708 .58 6.15 Pitching 1.01 deg about x./c = .397 7.5 .050
128 .708 .58 6.15 Pitching 1.00 deg about xo/c = .398 29.9 .200
129 .708 .58 6.15 Pitching 2.02 deg about x/c = .401 7.5 .050
130 .708 .58 6.15 Pitching 2.00 dog about xe/c = .399 29.9 .200
131 .752 .37 6.21 Pitching .51 dog about x4/c = .401 4.0 .025
132 .752 .37 6.21 Pitching .50 dog about xe/c = .401 8.0 .050
133 .752 .37 6.21 Pitching 0.50 deg about 4/c - .402 16.0 0.100

.134 .752 .37 6.21 Pitching .49 dog about 4/c = .403 32.0 .200
'135 .752 .37 6.21 Pitching .50 dog about x/c = .403 48.0 .300

* 136 .752 .37 6.21 Pitching 1.01 deg about 4/c - .398 8.0 .050
* 137 .752 .37 6.21 Pitching 1.00 dog about 4/c - .397 32.0 .200

138 .752 .37 6.21 Pitching 2.02 dog about xa/c - .400 8.0 .050
139 .752 .37 6.21 Pitching 2.01 dog about 4/c - .399 32.0 .200
140 .808 .36 6.26 Pitching. .50 dog about x./c - .402 8.5 .050
141 .808 .36 6.26 Pitching .50 deg about x0/c a .407 34.0 .199
142 .807 .36 11.78 Pitching .49 dog about x./c m .404 8.7 .050
143' 80V .36 11.78 Pitching .49 dog about x/c - .398 35.0 .200
144 .751 .37 .11.48 Pitching .50 dog about x4/c - .403 8.2 .050
.145 .751 .37 11.48 P)tuhing .51 dog about 4/c a .399 4.1 .025
146 -751 .37 11.48 Pitching •.49 dog about 4/c ..400 16.5 .100
147 .751 .37 11.48 Pitching .49 deg about x/c - .401 24.7 .150
148 .751 .37 11.48 Pitching .50 dog about x, /c-* .403 33.0 .20x
149 ,751 .37 11.0 Pitching .50 deg about .400 49.S .301
150 .751 .37 11.48 Pitching 1.00 dog about x/c u .398 8.2 .050
151 .751 .37 11.48 Pitching 1.00 dog about xo/c * .400 32.8 .200

152 .751 .37 11.48 Pitching 2.02 dog about x/u a .399 .8,2 .050
153 .751 .37 11.48 Pitching 2.00 dog about 4/c a .402 32.8 .200
154 .751 .37 11.48 Plungiing 1.00 cm (0.395 in.) 82 .050.. 155 .751 .37 11.40 Plungii .90 fw (0-386 in.) 32.8 .200
156 .704 . .55 11.22 riohin# .51 dog about x /c -. 400 3.9 .. 025
157 .706 .59 1 i1.29 Pitching .50 4og about #,/Q 402 7.O
1, 18 ,706 .59 11.22 Pitching .50 dog about x/c .399 1.4 .099
159 .706 - ..59 11,22- Pitching .49 dog about 4u/c .401 30.0 .199
160 .706 .59 "'t.2 Pitching 49 dl aout A/ .404 46.2 2%
161. ".106 .59 11.22 pitching 1.01-deg about / .398 7.7 ,050
162 .70s: .59 11.22 Pitching 1.00 d" about Y,/u .390 30.9 .199 -
163 .7%, -11.2;2 Pitching .01 dg a*t q/0 V .401 7 .7 .050
164 ,706 .5% 11.22 Pitching 2.00 dO about,.q/c'- .402 )0,[ .199
165 . 706 59 11.12 Plunging 1.00 cm 0.393 in.) 7. . 7.7 .050

. -166 .7.0 ..'9 117 Pluing. 0 cm (0.392 in.) ' -20.9 Q.1. .167 SS .5 934 P ... ,39 2.8 .025

160 .505 .58 9.14 Pitching .51 dog at1nt-xaiq m .401 S.5 .049
1 . .00-: .0 9.4 Vtchtn .50 dog d aboutv/O .40. 11.0 .099
" '70 W.S .So -0. * 'Vitehing .60 dog about a/e .464 '22.0 .198
0"1 .505 .5 9.34" Ptting. .p dog about[ v /o .404 33.0 .'91
: .. 2 SOS • 914 Pitchng 1.02 dog a#bout *i 0399 5.r  Q49

.173 .1 - ..34 Pitching 3.0 d"- about % ./c. ,399 22.0 .164
19.4 P.teh71g 2.04 dog about x/C- .400 .4 .049
10 -I.7.SOS 9.04 Pithing 2.01-do about 4/C - .402 29.7 .19
18 ..SOS . 9.09 plungintg 1.00 60 (0,396 In.) s.s .049
VI- 3.0 .5 9 plunging .9 t* (0.30q in.) 220 .197
14 . 1 .58 2.092 . PithIng .50 deg about #a/e .402 5.4 .049179 . 3.0 Pit c ng .49 dog about me/c - .403 21.4 .197

10 .712 .58 J.09 Pitching 2.03 dg about x/c w .402 51.4 .049
181 " .1 -.68 3.09 Pitching 2.00 dug about 4/c a .401 29.4 .197
12 .508 . :1, Plwngg 1.00 F. (0.39 In.) 7. .04914 t3 ,.112 ,So 3.09 Plunlg- ."B cm (0.,W in.) 29.7 .107

: """ "" "'" " "' "I: '"" 3X4 We0 Iss 2.54 Pitching .SO dog about x./c -. 402 S.4 .050
. " 'I185 .408 So8 I,54 Pitching SO d q abo~ut x /c - .40S 21.4 .197

10 I : Y "I 6 .508 50 2.34 Pithing 2.03 d og #Lot x 3/e .400 .4 ASO0

109 .508 .58 2.54 Plunging .99 cm (0.399 in.) 21.4 .191
19 .752 .37 3.25 Pitching .50 d#g about x 0 /c - .401 7.9 ,0s0

192 S2 .7 325 Ptchng .0 d abot 40 - 401 31.4 .20
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TABLE 5.1. CONCLUDED

DI M am, Re.10-6  Motionkdg Hz k

192 0.752 0.37 3.25 Pitching 2.02 deg about xa/c = 0.401 7.8 0.050
193 .752 .37 3.25 Pitching 2.00 deg about xz/c = .401 31.4 .200
194 .752 .37 3.25 Plunging 1.00 cm (0.394 in.) 7.8 .050
195 .812 .35 3.29 Pitching .50 deg about a/c -. 403 8.4 .050

* 196 .812 .35 3.29 Pitching .50 deg about xe/c = .404 33.4 .198
* 197 .700 2.53 11.80 Pitching .49 deg about xa/c = .406 7.5 .050

190 .700 2.53 11.80 Pitching .49 deg about x/c - .405 30.2 .201
199 .700 2.53 11.80 Pitching 1.01 deg about xn/c = 0.398 7.5 0.050
200 .700 2.53 11.80 Pitching 1.00 deg about x%/c - .399 30.2 .201
201 .700 2.53 11.80 Pitching 1.31 deg about xz/c - .403 7.5 .050
202 .700 2.54 11.69 Plunging 1.00 cm (0.395 in.) 7.5 .050
203 .700 2.54 11.69 Plunging .86 cm (0.339 in.) 30.2 .201
.204 .710 2.53 3.15 Pitching .50 deg about x./c - .403 7.4 .050
205 .710 2.53 3.15 Pitching .50 deg about xq/c - .403 29.5 .199
206 .710 2.53 3.15 Pitching 1.01 deg about x./c = .400 7.4 .050
207 .710 2.53 3.15 Pitching 1.00 deg about x/c = .399 29.5 .199
208 .710 2.53 3.15 Plunging 1.01 cm (0.398 in.) 7.4 .050
209 .710 2.53 2.15 Plunging .87 cm (0.341 in.) 29.5 .199

TABLE 5.2. DATA BASE FOR NLR 7301 AIRFOIL, PITCHING OSCILLATION ABOUT
0.40c, ARRANGED IN FREQUENCY SWEEPS

a 0m* ReXlO- 6  a0  k -0.025 k a 0.05 k - 0.10 k -0.15 k - O,20 k- 0.25 k -0.30
deg deg

0.75 0.37 3.3 t0.50 190 191
.75 .37 6.2 tQ.50 131 132 133 134 135
.75 .37 11.5 tO.O 145 144 146 147 148 149
.75 .37 6.2 l 136 137

i .75 .37 11.5 ,1 ISO 151

.75 .37 3.3 !2 192 193

.75 .37 6.2 t2 138 139
.75 .37 11.5 !2 152 153
.80 .37 3M3 0.50 195 196
.80 .37 6.3 o.50 140 141
.80 .37 11.7 to.so 142 10)
.3 .57 2.5 0.50 184 105
.45 .57 4.5 t0,-s 113 116 117 118 119
s0 .S7 9.3 *0.50 167 168 169 170 171

.4S .57 4.5 *1 120 121
S50 .57 9.5 !1 174 173

.SO .57 2.5 O.2 186 187

.4 0 S? 4.5 !01 122 121
s0 .37 9.3 g2 164 175
.71 .37 3.1 .050 170 179
.70 .57 .2 10.-0 124 129 126
.70 S71 11,2 .050 IS6 157 1~ 159 160

.70 .57 11.2 i2 161 12

.71 .57 3.1 f2 160I

.70 5? 6, f2 129

.70 2.S 3.2 10.A 204 20%

.70 2.5 11.8 :O.S 197 1W

.70 2.s 3.2 *1 266 207

. . 1 12

IL

4

-

> .



TABLE 5. 3. NASA AMES TEST DATAI ASSOCIATED WITH AGARD CT CASES

CT case Data set 5
Flow

No N ~ m e~ k DI N -k e1 6  Data
m 0 n. m 0table no.

184 0.508 0.58 0.50 0.050 2.53 5.4
1 0.500 0.40 0.5 0.098 168 0.505 0.58 0.51 0.049 9.33 5.5

Susnc 2 0.500 0.40 0.5 0.263 185 0.508 0.58 0.50 0.197 2.53 5.6
170 0.505 0.58 0.50 0.198 9.33 5.7

3 .70 2.00. .02204 0.710 2.53 0.50 0.050 3.14 5.8
3 .0 .005 002 197 0.700 2.53 0.49 0.050 12.0 5.9

Transonic withl 4 0.700 2.00 .1.0 0.072 206 0.710 2.53 1.01 0.050 3.14 5.10
shock 199 0.700 2.53 1.01 0.050 12.0 5.11

5 .70 .0 OS .12205 0.710 2.53 0.58 0.199 3.14 5.12
5 .0 .0 05 012 198 0.700 2.53 0.49 0.201 12.0 5.13

190 0.752 0.37 0.50 0.050 3.30 5.14
6 0.721 -0.19 0.5 U.068 132 0.752 0.37 0.50 0.050 6.20 5.15

144 0.751 0,37 0.50 0.050 11.4 5.16 & 5.24

7 .2 019 10008 136 0.752 0.37 1.01 0.050 6.20 5.17
7S0.21 -.191.0 .06 150 0.751 0.37 1.00 0.050 11.4 5.18

design 191 0.752 0.37 0.50 0.200 3.3.0 5.19

S' 0.721 -0.19 0.5 0.181 134 0.752 0.37 0.49 0.200 6.20 5.20
148 0.751 0.37 0.50 0.201 11.4 5.21 & 5.25

* .21 -. 9 . *43 135 0:752 0.37 0.50 0.300 6.20 5.22
9 .21-.9 . 043149 0.751 0.37 0.50 0,301 11.4 5.23

' denotes priority ca"e.

TAI 5. 4. RM AM FUDAMM. V~bUEKY PRF.UUP POR A6AMD CT CASU HaO. I DUVRM:C IN=s 104

'*1LA 441W yol19 140 $a
ft 2 ON A PtW 0"W

..... ~ aM..... ...... ................ ............. .M......... ........

I!TAct civil 041000 Okla MAP0 OOAI m 0 oafs

SJ4............. .... ....... A..............

64 -1 too IP .0at j '0i ML It ~ 01 lye " Wll It
ON4 .1*46 460-.141 j me o IOU IN* aW We) sit

809 -#A Ow.v~ -1 Iw #M* a m 11 6 M a

in Ill illt * .0 71* I41 xv 111 111 X*.4 at
ft .94 ) .4 C-1 I4 Oi a v A* £44 Ito44 xi It

I"9 ,A4 -4 .19D 4 Ut d446 It 04 4 -Its
.11 .8.5 too a*1 jP11 011111 *#jW 44 I

;141 .934 $to ..)4 .9 Soo 0 & * 1194 u 1141

we 40 an4 .94 an takliil o a O 211111 lt

846 . 4: 8*6 setl *) *UI"

M3 .4 4 -2. X 5 Ayr ' a li ki
VA UO So &*Is AN a.f at) rol

- 01 .11ff 9 0an * 4*4 a 41*n

119 . "1* .41 GAY ' 6 20 n 1

IN7 .0w3 m1 . 1 o .9 64W 9

AV4 44 b VI I

m *.64



5-9-

TABLE 5.5. MEAN AND FUNDAMENTAL FREQUENCY PRESSURE FOR AGARD CT CASE NO. 1 DYNAMIC INDEX .68

WING MDL. AR 7301 SUII6irn1CAL. C1OR .500 METERS

IlIC ?TION. PITHI41NG .510G AMl)T M- 401

DYNAIC INDEX6 18 STATIC IICXX 78

1 .505 PTOT 203067 K 049
ALPHA 58 OI? 30419. FRED 5 5
RE 9.33E.06 PIf 170863.

--------------------- UPPER SUAM ............. ---------. ....................... L0WR SURVACE ......................

STEADY DATA U,,VEADY DATA STEADY DATA UNSTEADY DATA

.... CPU -----. ................. CPU A- ................ .... CPL -----. ................. CPL. -- -- - ---------....

/C CPU X/C REAL ItAG MAG PHASE x/C CPL X/C REAL IIAG "al PHASE

.023 .1 201 .016 -11 059 3 167 1e 335 110 07 .053 -.284

.045 -1.17 .07 -16240 2.509 16 442 1716 2 106 -313

.070 -. 53 092 -8 348 1 623 850,5 16911 209 -. 317
094 * e9 127 -2 69 AI 2 700 171 )0 309 -3

: M -:42 -2 5074 347 2 103 1 60 381 370
47 75 .64 -2 t54 303 2 1 275 72 01 46D 390

.es3 - . .191 -6 073 849 6 132 172 Ds 532 315

.199 -. us .257 -4 041 .669 4 094 170 61 614 .117

.249 -.58 .294 -A.131 .0s A 163 172 V7 634 .059

0 -.619 .319 -3 786 04 3 817 2 72 779 230

321 -.622 .343 -3 631 .460 3 660 172 79 .874 339

341 - 616 .366 -2 769 37 2 7 171 63
.369 -.608 .393 -2.554 43 S. 90 170 36

.396 -. 50 .424 .3.012 .3D4 3 027 74

.49 -.635 446 1 784 249 802 172 06

450 -.584 .470 -2 436 ".08 2 451 173 73

473 -05-2.093 "6 2 109 172 78
.499 -. 597 .547 -2.0753 .281 2 094 172 3D

.S24 .0I78

. -.II .569 :.847 .207 m 1,73 63 

.5 -. 08 .595 58611 4173 1 21 173 A9

578 -.59 .618 -1.769 .154 776 175 04,

.60 -. 45 .647 -1.196 107 4 25 17 bs

.624 -.498 697 - 563 057 666 174 23

.6su -.432 .746 •736 .037 737 177.17

.700 -.379 .796 -366 -.000 386 -179 9

.749 -. 2'81 •.941 -. 2'81 -. 016 481 -177 01I

.797 -.170 .916 1 483 - 61 1 485 -3 13
642 - 065s

TABLE 5.G. MEAN AND FUNDAMENTAL FREQUENCY PRESSURE FOR AGARD CT CASE NO. 2; DYNAMIC INDEX 185

WING MODL, LR 7301 SUPERRITICAL. C3,143SO 10T6E 7

WING MOTION PITCHING EG ABO T X/C 40 6

DYNA12 C IN X 18 STATIC IN 7X 80

It .w- PTOT 06 4 K 197
ALPHA .58 .19 76 13 Q 14
AE 2 . 8 06 P245 4 56

,........ ............... LIPE SUACE ....................... ....................... VNER SIXACE ....*..................

STADY DATA UNSTE"ADY C-3TA ST0 7Y DATA UNSTEADY 6 0TA

.... ............. -60?C.4A ..................... 7 .................. CPL.A .................

.04 -1146 066 -312 910 14 09 107 053 -31

.070 eft .06? -13.205 5 623 1 353 16bl " 105 337

94 -.26 092 -4 410 341 A 20 163 09 209 337
.122 -.70A 117 -6 369g 2 261 4 759 160 47 309 • A6

147 -673 142 -S 276 1 7V 1 S $73 t6 21 "1 374
.16 4-63 .19., .4 2715 1 25 3 4 460 163 66 450 305

0.19 -..612 .24 -3 3% 713 3 470 160 16 532 :,316
.249 -6 S 294 -3 054 46 3 16 67 4 614 -28.
2V 5I 90 319 -3 0m S 3 101 170 25 68,4 044

.3..14 • 601 .343 -Z 157 00 2 64 172 .84 ?T1 28

.348 •594 X66 -I 070 7V 2 039 IV 14 .67, 3 3A

369 Sao 2 7 3 -019 077 2 201 176 I
.96 -84 .424 -2 177 07 2 179 177 $1

420 -.516 .440 -1 -21 397 837 0 166 2
4 - 560 470 70 04 6 1" 1 " 62

.473 • 79 497 -1 SM 004 1 63 79 ft
65 2 2 - 04 748 - 072 42? -170 13
74 -S9 8W9 -1 26 • 830 140 -170 94
.V0 - o 50 5 - 907 037 ON 177 Be

6m • 119 9147 •780 246 ofil .162 A|

.624 -467 .607 403 347 579 -143 21

$52 •40a .746 -212 364 492 ,120 26

700 •3S3 .796 •147 m 4;25 .lIO 2

• ,7,19 * 60 841 -6 0 3, 87't .lO07 20

.797 .. s 916 •274 238 .63 -139 00

.642 -.06t

914 081
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TABLE 5.7. MEAN AND FUNDAMENTAL FREQUENCY Pi.-SSURE FOR AGARD CT CASE NO. 2; DYNAMIC INDEX 170
WING IOMJ. NLR 7301 SUIPERMITICAL. CH'. SOO IETERS

WING KOTION. PITCHING 50 DEG ABOUT X/C. 404

IYNAMIC INDEX 170 STA iC INLIER 78

M CO. PTOT 20 ,,7 K 198
ALPa 5S o 01 3D419 15 qE9 22 0
RE 9 33E 06 PIW 170663

....................... UPPER SU lACE ....................... ....................... LOWER SURFACE .......................

STEAOY DATA UNSTEADY DATA STEADY DATA UNSTEADY DATA

.... CPU ..... ................. CPU.A .................. .... C.PL ...... ................. CL..A ... .............
X/C CPU X/C MAL 1AG IAr. MAC PASE X/C CPL X/C REAL I|AG lAD PHASE

023 -1 201 .016 -13384 6 62 I4 991 134 O 053 284
.045 .1 178 .067 -11 267 5 082 12 3M0 155 73 10$ 313
070 - 953 .092 -6 923 3 157 7 60 155 50 2C9 317
.094 0869 117 -1 933 755 2 075 I58 67 .309 399
.12i 753. 142 .1 591 615 1 706 ISOe 7 395 370
147 -71S .164 -t 512 502 I 533 161 63 460 390
168 - 582 .191 .4 265 1 353 4 474 162 41 532 315

.195 - 645 245 -3 217 977 3 362 163 12 614 1i7

1249 - 635 294 .3 078 672 3 151 167 69 684 059
297 0 6t9 .319 -k 514 567 2 575 169 22 779 230
.321 -622 343 -2 669 517 2 719 169 04 874 339
348 -. 616 366 -I 720 456 1 780 165 15
369 - 60 93 -1 999 . 28 2 054 166 55
396 -60 .424 -2 100 226 2 112 173 86
420 -535 i48 -1 279 184 I 203 171 84
450 -584 470 -1 764 133 1 769 t75 71
473 -. 593 497 .1 552 135 1 557 1750 6
499 -597 547 -1 460 079 1 462 176 91
524 587 569 -1 21S - 038 1 216 -178 20
550 598 .595 - 984 -. 028 904 -178 35
578 579 .618 .1 002 - 103 1 00 *174 14
600 545 647 - 778 - 148 792 -169 23
024 498 697 -461 • 305 653 .146 S4

652 432 746 .372 -232 436 .147 90
700 379 796 *229 -279 151 •129 44
.749 201 841 • 129 - 333 357 .111 24
797 170 916 332 * 5 41 -37 53
84? 065
914 079

TABLE 5.8. MEAN AD FUNDAMENTAL FREQUENCY PRESSURE FOR AGARD CT CASE NO. 3; DYNAMIC INDEX 204
VIG N u. R. 7301 SUI E'SCItICAL, CNI(o 600 IlElrS

WING MOTION. PITCHING 60 DEG ABOUT VV. 40

DYNAMIC INDEX 204 STATIC IJEX 85

H 710 PTOT 60"6 I 0
ALPHA 26 3 NIr 1264O rO 14

PC 3 14[ 06 P1W 36427

....................... R SWACE ............................................... . .. .oAt .....................

STEADY DATA NSTEADY DATA.SEADY11 AA U0"15Y DATA

... ... ............... cfuA ............. .... . ... .............. .. €L%, ...............

IC/C vu 8/C VEAl.. IlIA4 MAA RmkI tcc eft. VC 1164. Il41C 11" AM
an 1006 016 -5230 1 4" I s Ina 053 101
(l4t M o" .7 T2 1 39 ' 4126 1116 19 06 It

.070 -1 329 111 .34 2 1pit9 7 & , i 1 ) 209 V;7
594 .1 6V to2 -600 115 I 6lt 2Q4 Its9" 709 .411
lap -18 34 111 .6 036 1 3 I 3 10 6 t9 Is6 391 JIM
147 .1 I9) 241 -6 740 1 44% 11 I,0 111 40 41?
in .1 O9 :9 .19 *074 I I 1 19" 1" 41 532 -

b1"5 .1 It19 111 .7 499 I 49? 1 49 Ice ?a )4 CIO9

249 .1404 364 .4939 2 247 1 $111 11974 614 lot

,:97 .158 392 .954 -)4 0 1 350t .47 779

3.1 .154 424 Nit9 195 "1 9 1216 m9 74 &to

344 -l1l 4149" .43 V6 I 3930 1919It

36" .1 i54 47 4 .? 92 9 111a 0 , 41w
396 .1 66 497.-25 0A 53 11 24 201 111 )
4.0 -I 312 547 .19 if? I spa i Sr fl id is

460 -1 49 549 .16 1111 an it 1236 7149

A"99 414 619o .246 -1 24 3 134 .to It
34 -01 647 a2133 -23222 352) -31 12

50 -792 69? 5340 .9 99S S 49 :.216
916 -4 7 a 6 " 92 4 31

[ I •o I

$00 -56S ?09 1 12 1 10 19 IT 4-to33
97 416 641 in9 9509 5)9 70931

.. .- . " . . .14 ..409 ..6 ...41

749 .4

44 o
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TABLE 5.9. MEAN AND FUNDAMENTAL FREQUENCY PRESSURE FOR AGARD C.T CASE NO. 3; DYAM.IC INDEX 197

WING MODEL. NLR 7301 SLPERCRiTICAL., CHAD 500 METERS

W2IG 240TION. PITCHINIG 49 DEG ABOUT X/C. 406

DYNAMIC INDEX 197 STATIC INDEX 83

M .700 PTOT 203135. K 050
6L2)' 2 53 01f 50262 FREQ 7 5
RE I 20E07 PIW 146405-

....................... F0R SUFFACE ....................... ....................... LOWR SUFACE .......................

STEADY DATA UNSTEAOY DATA STEADY DATA UNSTEADY OA7A

.... .... Cp.A................. . .... CPL ....... ................ CVL.A ................. "

x/C CPU X/C REAL I26 MAC PHASE x/C CPL x/C EAL I26 "AG PmSE

.023 -t 052 .016 -5 3 240 6013 166 16 053 .078

.045 -1.623 .067 -7.65 7 6 7 641 287 0 106 1 170

.070 -1 418 .117 -6 72 59 6 939 166 70 209 -250
094 -1 m .142 -6 320 1 s8 6826 16s 9 309 -402
122 -1 659 .191 -7 634 1 638 7 652 66 48 382 392
147 -1 66 .245 -7 350 2 004 7 W3 1647 47 . . 433

.t o2 602 294 -7 813 2 949 8 053 66 O 532 -354

195 ot 554 319 -8 195 2 063 6 456 165 75 614 . 14

249 -1-485 .366. -3 526 1 446 3 2 1257 7 684 .083

297 -1 48 393 -21 396 8 238 22 927 IS8 779 263

I3,u -1 491 .424 -44 699 It 858 46 214 265 26 674 376

3-8 -2 497 446 -20 830 4 302 21 278 168 33

369 -1 5We .470 -18 632 3 017 28 87S 170 8Z

396 -2 432 497 -9 312 791 9 345 275 16

420 -2 236 847 2 856 -2 524 305 -41 37
450 -.905 569 808 -2 78 5 102 -28 72

473 758 595 650 -2.764 629 -26 24
49 60 .648 5 465 -2 440 5 98s -24 06
524 649 647 13 730 -5 900 14 944 -23 26
560 627 .697 It 433 -8 013 22404 -23 68

57 .601 746 2 514 -1 066 2 739 -23 36
600 -62 .796 1 243 -842 399 -27 33

624 06 842 660 - 77 683 .15 02
652 436 916 ..216 169 95 103 

749 2
7 97 139
042 036

914 096

TABL 5.10. MEAN AND FUNDAMENTAL FREQUENCY PRESSURE FOR AGA CT CASE NO. 4; DYNAMIC INDEX 206
VING 2WLI., K6, 7302 SIAKNITI7CAL. OVID 500 2(E1185

VOW MOTIONl P217CH42. 1 01 DEG AOUT t K.I 400

OVNA2I,4C 2214 209 STATIC OWN12 N

It v10 PlOy 5056, 050
ALPVA 253 OW 12340 m ?4
IL 3 14 09 PaW 36427

....................... Uom 1 AC9 ....................... ....................... ......................-

W2A840 DATA UI.#tAUt 0626 WACO pAtA 10,1l00 062k

.... C ............. CU,A .................. ... ......... CP , .................
114 cm 1/c i(U. 2246 224 0WIC in CPL. 8/C oI2. 2246 NG 11"

03 .00 026t 4260 1 4 S 34 let a4 00 201

O4 . 950 061 .7 82 I %S4 I"I 2ea x to O tt

m070 -I m tit 4 8O t3464 64 14 3 2•
004 . MV 2d4 46 928 6 o adt ItolS 0%A4 t.I
231 .2 04 l2t -1 m I 7321 2I I 7 14 no 3.
249, .4 so 8 41117 91 03 10?1 t 62 440 -6I9

A Am 294 -7) 2677 183 2472 I.3508s t"
An :,I %is 321 - ISO6 I2 102) 241 44 Ot -010
249 4t14 36 .4886 I261) 6 s tit 2) "4 lt

9? . got 39) . 62 6 34 71 2827) 7SO iIT

32 -1 *4 404 -29M 2936 3 i 61 4 11 0
341 .126 44S- .-it 8912 11e 21904

1 ,2 5, 410. 4I 119 940 26 It2s 10 m
36 .2 t6 49?-" 140 7661 3041 IS 4
dw -1 11 ,S4? .10 761 $17 to 770 tit as
430 .222 . 4 " 1 07as -016
4 : .ISll Se : 43 -1 M 966 .3 too

4t.9 ,I 4419 6V4 1 039 2 736 , 8 it .22 V
914 .I2 647 12 24 .3 111 3 W, of9

VA8 772 tt 344 "1 0 64 409 .30 111

5,19 .941 749 14 • 39o Vs Se -2)32

6w -30 Vsl &1u 4 1 em 1 as;I
100 , 309

7164 14

914 on.
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TABLE 5.11. MEAN AND FUNDAMENTAL FREQUENCY PRESSURE FOR AGARD CT CASE NO. 5; DYNAMIC INDEX 199

WING M(M. NLR 7303 SPERCRITICA.. CHW& 5O METERS

ING MOTION PITCHING 1 01 DEC A8J, X/C, 398

DYNAMIC INDEX 199 STATIC I3EIX 83

N3 700 PTOT 203135. K 050
ALP14A 2 53 QIw S0262 FPEQ 75
E I 20 07 PIW 146405

• 9R, ....................... U SUI"AL ...................... . ........ S ...............-

STEADY DATA U4STE DY DATA STEADY OAfA UNSTEADY DATA

.... C'U ..... ................. CPU.A ................. . .... CP.. ..... . ................. CPL.A .................

X/C CPU X/C REAL IMAG MAP PHASE K/C CPL. X/C A(A IN3* MAC PHASE

.023 -1 52 .016 -5 41 3 339 55 166 62 053 07

.045 -. 623 067 -7.6t3 I 718 7 707 167 13 .106 1370

070 -1438 . t7 -6 739 1.565 6.918 166 94 909 250
094 -1 682 .3*2 -6 736 3 648 6 935 166 26 .W09 402
377 -1 659 191 -7 533 3 853 7 757 166 39 31 J.i2

t47 .3606 245 -7 737 2099 b 07 164 3 450 43

3ee -I603 294 -9 t3-3 2 107 8 407 165 50 632 I3S4
195 1 55.4 319 -8.613 2 306 6 917 165 02 814 114

249 -1 405 366 -9 969 9 609 10962 35 20 854 083
297 -389 .393 -28 255 31 958 30 69? 357 07 779 263

.321 - 491 424 -2 498 8 377 29 704 163 63 074 370S
346 . 497 448 - 2 734 3 556 12 809 37303
-69 - 527 470 -:0 339 *4l 30 326 377 63

.396 -1 432 497 -4 491 3 B47 4 571 -169 33
420 -3 236 .5417 2 200 -2 753 3 574 -50 37
4SO W• O69 3 473 -2 04 4 341 -36 87
473 -758 .5" 3 758 -2 329 4 423 -3!80
499 -68 61C 3 821 -! 960 4 294 -27 36

24 -. 649 647 0 0247 -4 WS I 315 -. 12
550 -627 697 9 099 -4 155 3 200 -.4 55

.576 .603 746 222 - 917 2 394 -22 51

60 -561 796 3 003 -$02 3 21 -26 61
624 •50 641 7SP .358 77 .f1 77
652 436 90 ia 0, 492 3 7574

.700 -365
749 254

797 .139
842 - 036
914 0e'

TABLE 5.12. MEAN AND FUNDAMENTAL FREQUENCY PRESSURE FOR AGM7W CT CASE NO. 5; DYNMIA C INDEX 205

VIG MODEL. WR 7303 StKIMiTIC*L, Ciao' 500 "[IV*

UIG MOTION PITCHING 50 DEC ADOT X-fC' 403

DYAMI13C INDEX M0 STATIC INXI 85

7 310 PFO wm K I"e

AL.PH4A 753 0:: 1204g rFCO as s
IE 3 14E 06 P06 W

e  
364

................................... ........................ 0010 93ACE ...........

p1*08 DATA IMICAO? DATA ST11or7 OAT& UNTE,0,8 DATA

............................ JA............ .... CPL .... . . .. ........... . ......... ... ..

V/C CPU V8C WL 434 14 8AASC i1c CPL 94 1" 3334 RA G 1*9
.) -3 006 018 -3 V? I I9w 3 31w 797 0 *101

04 .1 0, ,7 .43 o 2 • 9 I l 1 101 .394
010 .03Y74 III -.4733 348.0 *E% 34140 so 9m -73*
0,4 .3 17 42 -3 W i 47 4 640 14593 309 did
3in .3634 111111 3 44 M 73024 5 39 I4733 3831 36
to3 .3 3 40 3 13 3 1" 4"1 340 as 440 7
too .399M 294-4 04 33105 5 of 1 4 S72 YA5

1% .1 St 339.4 7 M 3,4 ) 0 3 140 44 Sid ICO

.149 .3 454 366 : 31) 7607 262:31 o 309 4 so: 03

It0 -1 , ~ ?,4Nl I )t 1 / 13 24

297 .3943 113 0 337 as6 if of45 i f 7
3i31 -1 W14 4*4 $4 57 8411 6f" I to 34 410
Us ,I Ol 448 - 2 ) Sol0 3 am too04
389 .1 VA 410 .4 193 4ISO 6 49 329013

356 .to4 401396 *593AS 0 S 34 0" 124 04
42V -1$4 SAY3 147 %176% 4 716 P 33101
6 . 4 6 so .12090 3- 11 o All #133 Is4

• 453 .. Oil c" .,0 6.W5 'L93 341*44
A" . 449 0 it -4 DID I 9 :~ 36560S
5W4 .37 $47 .3 ow 000 4330 .3199

4 ??I . Sol 69 .7 -5790 9510 -91it
979 469 546 .363w .3430 37it) .14495

640 .36 7"I .1 )v1 3357 N3f
. m 4 841 OM -9 %" 2 300 ,39 t,
0 962 j" 16 •IS: .303 3a7 .339

?d~o * 01

04 47934 000
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TABLE 5.13. MEAN AND FiT,.: AMENTAL FREQUENCY PRESSURE FOR AGARD CT CASE NO. 5; DYNAMIC INDEX 198

WIG MODL. NLR 7301 SPE8C 'ITtCAL. CH4Y1. SOC METERS

WING MOTI0N. PITCHING .'.9 DCG A8Wr X/C, 406

DYNAMIC INDEX 198 STE,* IC 1l I 83

M 700 PTIT 203135 K 201
ALPHA 263 01ff 50262- PO 30 2
RE i.20E 07 P1w 146405

....................... LPPER SLAE ....................... ....................... LIR SI*A6 .......................

STEADY DATA UNSTEADY DATA STEADY DATA UWSTEAOY DATA

.... CPU ..... ................. CPJ.A .................. .... CP ...... ................. CPI. .................
x/C CPU X/C 16AL IlAG M.AC FASE ic C. x/c REAL IliA HAG PHASE

023 .1 052 016 -3655 2 036 . 9.f? ISO 21 03 -076
0 W3 -162 067 .4831 7 W 6 3? t 6 149 let 170
070 -1 418 .111 -4 13I 703 4 936 146 0 209 -25
O4 1 682 142 -3 726 27, 4 1 43 11 309 .402

2 . -2 1 ,1 59 .191 -4 489 3 350 5 60t 143 28 301 392

147 -t I 245 .3 6 3 29 5 246 137 72 460 .433

!G8 -1 g01 294 -4 1" 3 737 580 137 97 532 -354

.195 -1 5S4 .319 -4 X9 4.13D 669 13623 614 - 114
249 -1 485 .3% o 89 2 296 Z 462 tt! 10 684 003
297 .1 41 393 3946 19 845 20 233 101 25 779 .263
321 .1491 .424 -16 477 39 796 43 072 112 60 074 376
348 A1 497 448 -9232 20 443 22 431 114 31

369 *5n8 470 3 026 15 224 20 036 13056
.396 .1 432 .497 -8 ti? 5.943 10 061 143 s0
420 -1236 .S4T -2929 -F 039 S On -'I.
450 -90 .54 - 1.182 -665 W 5 -100 _OD24
473 7" . -. 411 -6717 6 729 -93 51
499 6w 6 f5 Itl 4 167 68N -So 91
W24 fa 60 47 863 is 701 IS 7;S -816 86
RIM -62? 49? .375 -12 OW 12 997 .8 34

.57a -601 .746 073 -2 NY 2 310 -8 6

.60 561 796 - 6 -1 64 1 703 .9622

624 806 64t 19 .M - 1 196 , 19 -9
652 .43 916 860 - 209 .876 1-3 62
70D -305

749 254
797 -132

64 036
9t4 on

TABLE 5.14, WAN AND FUNDAMENTAL FREQUENCY PRESSURE POR AGARD CT CASE NO. 6, DYNAMIC INDEX 190
WING MM L F 6. 7401 SUPM9RITICAL. CbMI SW Wi~RS

I~aI MOTION PITCHING 10 D0r AMUt? VAC. 403

DYAIC INKY 190 STATIC INDE at

K 152 prof 60304 x 050
A1.44 37 QIW 164; r 7 1
CE 3 30 06 POW 3W0

.................... 6 A ........................ ....................... 0IAh SW#A .......................

STEADY OPTA IA06KA0 DATA 916408 00A* UNSTEADY DATA

.... .... ....... .......... C a ................. . .... C I...... ................. CPL.4 ............
ic CPU V.c I l wz PWSC tic Cl, Vic 114 1#4 014

022 us65 1 .11397 283 ON 3 Ilt 6Is5 051 -93
04 .Woo 067 .O SA 3 414 9114 111 14 too -6
0CO 0 to t -K0 NO 3 m 6 01 1960 m -672

CA . t # 102 .O lo 2414 073 161,111 73 IS)

14t o 0l 24 -1 061 A II 3 IWA 15 44 0 lt
140 It0 2104 W) a 4111 109 " 9? 3 t3t X n 443
I" .1 01% 3t1 -tO 4) 131% It 710 '93 3 414 0 13
249 .96 34 .4' 072 In 194 tll"44 £54 .& 0
n9? -' 013 3W4 I III 6 403 62) I'M 30 It 231. ,21 013 3*t -II I09 II 113 1 0 '21 03 4114 ,Y -

1340 - 0M 424 -1 8644 9 s o 5I l4 t 44
us3 -t W "a -to a0 r 634 13 A0 140
31 - 04T 4?0 .13 644 1 is 141) It $1
420 -ail -1 M I 3v131 141711 INA47

413 .t02 84 11 11 6fat "1 1t*o 1"424

49 .1 1,401 ,1631 -123 549 -293
p2$ .616 1414 .1 04 17 11 .4% 12

076 0 113 "61 •1604 339 1 6" l16
600 - o 744 .5427 641 15s6? I's56 Qf
611 -60 n 1 4S to46 a216 113

6v2 -A6? 64 .2 1" 123 2930 03
It80 *38 Ii. 4 631 040 1 1" too 06

70 132

1042 C0.
old 103



j 5-14

TABLE 5.15. MEAN AND FUNDAMENTAL FREQUENCY PRESSURE FOR AGARD CT CASE NO. 6; DYNAMIC INDEX 132

WING MODEL NLA 7301 SUPERICAITICAL. OHM- SOO .4E'ERS

WING MO0TION. PlIC4ING Se DEC ABOUT X./C. 41

DYNAIIIC INDEX 132 STATIC INDEX9 73

m 752 PTOT 101661 9 050
A&PVA 37 0l1w 27671 PAED 8 0
AE 6 20E06 PIW f085.

............ LPPE SURFACE....................... ....................... L04E SURAE .............

STEADY DATA UNSTE~ADY DATA STEADY DATA UNSTEADY DATA

.. U... ......... cF". A ..................... ~. ......................... CPt..A.........
/C CPU X/C REAL MNAS HAG P4ASE 6/C CPL 6./C RCAL 1.440 MAG PI4ASE

023 -564 .016 -6 217 1.972 5 577 S9 310 C33 258
07S -10. 09 2 07-.1 3 47 9 20 ZS9 37 053 .502

07 -I06 92- 88 2 76 7 373 Iik AB tog CV
094 -1 136 111 -7 902 3 0" a t.40 t1.104 30m .4'8

127 -1 105 142 872' 352N 9 401 tS900 30? .721
147 .1052 164 in89 3 487 937. so17 361 667
168 .1 065 191 -8 007 3 337 06 674 157 39 460 W 9
196 .1 026 245 -881159 4 008 9 723 I!E67 532 -410

249 - 970 294 -9 900 4 S53 10 F97 is, 31 r:4 t 2e

F297 .1 004 .319 -9 363 A 405 10 3,11 I1542 GF4 008
.321 -1 007 343 -9 807 4 99 11 001 1.3 07 779 245
348 -1 015 393 -I1 767 9 664 15 227 140 61 874 357

389 .1 052 424 -15 858 9 453 18 450 14921
3M -1 044 470 -14543 6 621 16 906 149 35
4.10 - 991 497 -14 666 9 139 17 29 143 12
4A.0 - 990 547 -17 603 12 269 2t 454 145 13
473 -1 015 595 5 924 -t1s 6 1?I 220 -61 Cl
A"9 -I 016 .618 S 193 -9932 11 201 462 40
1324 -1 045 .647 -3.277 .5w 3 321 .17365
550 .1085s .697 .1 904 099 1 905 17' 02

600 so0 796 .1033 265 1 op4 169 8l

700 3 *4 :3 .O 2

94 109

TABLE 5.16. MEAN AND FUNDAMENTAL FREQUENCY PRL9SUPE FOM AGARD CT CASE NO. 6; DYNAMIC INDEX 144
WING OWL. 0ILA 7301 %PCMITICAL. 01011. IM KTERS

WING 4635400 15044,119 10 Mr. JIA lc/C* 40

0C.4A.4C 0006 144 17411C IND! 76

m 751 '501 20323 it 0
114AM 37 01lW "Its t1 @J!

pt 1 14 07 PIW Inm4

............ U4ma ImaCl".................. ....................... 4.0m SWAM............

$ty 41DAA VMtADV CAlA, t~ 044 14 Oat 4IcCAO ATA

...fj.................. I...... p......................-..COL................... ....... CL,#.......
KC CPU 1./C K,41 I46 "44 "mAi wtC COL. VCi . 1 04 1

02 0 .1 Si 19 Ilt t$a 0 3
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TABLE 5.17. MEAN AND FUNDAMENTAL FREQUENCY PRESSURE FOR AGARD CT CASE NO. 7; DYNAMIC INDEX 136

WING IMEL. N.R 7301 St:ERCRITICAL. CI.H 500 ME11TERS

WING MOTION PITCHING 1 01 DEG ABOUT X/C. 328

DOhMAIC INDEX 136 STATIC INDX 73

7 52 PTOT 101661 K 050

ALPAA 37 01w 27671 1rEQ 8 0

I 6 20E 06 PIW 69650

....................... .PPE t SRACE ...................... .................. LOR SUMACE -----------------------

STEADY DATA UNSTEADY DATA STEADY DATA UNSTEADY DATA

.... cPU ...... .................. CJ.A .................... ........................... CPL.A .................
X/C CPU X/C REAL IMAG HAG Raw X/C CPL X/C REAL. IMAG HAG PASE

.03 - 564 .016 -5.250 I w S559 IO6 e 033 256
045 -1 095 .067 -8951 3233 9517 to !5 053 -502
070 -1 064 092 -7 442 2 8 6 020 156 14 1.06 S32

04 -1 136 117 -06540 3 232 9 131 15111 a 2 4"
12, .1105 .142 -9309 3747 10035 1.58 0 30 -721

147 -1052 .164 -939 3 579 9 629 1 981. 331 -667

.Go0 -1085 .091 -11 194 5 S 12 396 154 T7 460 -$02

105 .1 026 .145-12 405 7 029 14 28 IS047 532 .420
249 - 970 .294 -t t."2 6 US3"5 13 470 152 00 614 - 128
297 -t 004 319 -11 182 5 757 12 577 IS2 77 8"4 060

321 *1 007 343 .10 097 444 12 lot 153 47 779 245

340 .- 016 303 .8 422 5 536 000 14668 74 357
S369 -1 05 .424 -10 100 A 2"e IQ oil 16 914

.396 .I 044 '70 -6 429 3 637 10 107 15 92

40 - 991 497 -7 073 2 419 7 475 161 14

450 - SI .147 3 391 -3441 4 36 -4536
473 -I 015 595 8 073 -0 710 I1 876 .47 1
499 .1016G 61.6 60o2 .3930 72)4 -33 00
524 - 045 647 tog -893 099 .305
5W -I o1 s .697 -1 603 262 1 624 -170 4

576 -1 D3 746 -2 295 238 2 30 174 10

600 - 88 76 -3 09 732 3 I$5 t.5 60
.624 639 641 -3 634 1 131 3 006 162 72

C52 492 916 -4 023 1 493 4 29 1560
700 -365
749 • 243

797 -1.n6
so2 -023
914 109

TABLE 5.18. 14EAN AND FUNDAMENTAL FREQUENCY PRESSURE FOR AGARD CT CASE NO. 
7 s DYMIC INDEX 150

WIG. 1.ODL 1.R 1301 MIYIIC&l.. 0110 Kr4

WING "OTIN, PIT.,1.1 I 00 DEG A1.T like. 3

II 71 PlOT aw32it6 OX

ALPHA.1. 37 01wr 6513 PVEO 02
IE 1c 07 FIW on"64

............ YO VXM............ . ................ toWmr ....N..A......

.... CPU~~ .. ................. OA ................. .......... ................. Cp% A ................

in m61. IE VEM IVAC 111.C. 119 t cK6 tic 4641. a&.14 ft"44
an9 .1 1 424 110 3 11 11111. .16913 t4-A
o .141 067 .1 933 a."1 6510 16 4 I 6 o) - 4m

0')0 ,.I 6 0.4 . 040 IGO " 4 W to 106 , $31

0 14 .. 1.31 si t .t 0I11 3 W 90 O t .06t V 0N .Si.t
122 .1l A067 .t to2.0,u 2001 to on< 1443 30 • 7O

147 - 104) l4 -t0o 4 . 6111 1 ) a4,% 44 4 36' -6 ,
, 1.4 --1059 410 4214 l4011 ti 8I 1.420 440 .4

24 ONo 0 2.4 .1. 1.4 6 ,A4 14 .2 4117<4 t o 0 41. .1.3
- VA "a -1..1.0it iyO 4113 m 2 a ." i44 044

46 .1 009 393 .094 4 016 612o 09 64 04 240

369 .1062 M 1m4 -. 6 on 60 1029) 6.3*4
366 -t6 l 410-.0646 241 4W t ;22

420 "I7 -to.0W2 *46 o .00 toNo 111111
4 Ox . 641 .9 t o $t~ o " 16 9622
472 1"94 63 0 4 -9 11 11.111 .4:0

m0y $14 goo .116
W~ I* .616 447 1.9 of *.f to

Ito .96 m9y In6 - ad ON6 -306U
S7Y S 34 '4 On .346 74 4
400 OW Itsi n 1.1 235 29 4

76 -2 .4

V0 Ito
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TABLE 5.19. MEAN AND FUNDAMENTAL FREQUENCY PRESSURE FOR AGARD CT CASE NO. 8; DYNAMIC INDEX 191

WING IIOIEL NLR 7301 SLVEMITICAL. C14390 S00 3ICRS

WIGC HG7104 PIT04ING S0 DEC ADMJ XIC. 401

DYIC flaIX 191 STATIC INDEX 81

I .752 pmO 6096. 9 200
A.3A 37 a1w 13966. FRED 31 4

RE 3 3E06 PINI 3502

..................I.F SINACE .............................................. LOWER S3WACt ...........

STEADY DATA UNISTEADY DATA STEADY DATA UNISTEADY DATA

... pJ... ..... ... . A . ........ .......... C-A .........

K/C CPU K/C MAL 33346 K34 P3346 K/C CPL. K/C REAL 33114 3All PHASE

.023 -6so 016 -2991 162m 3316 ISO060 053 Sa2

045 -1 029 .067 -46052 2 994 S6701 148 33 306 -M6

.070 -. 987 .117 -4 301 2 872 5 172 14626 .209 -63)
094 .1.152 .142 -416)I 33130 520 143 04 .39 -713
122 -111.2 .191 -3.900 3 193 10CEO 14076 393 .774

147 -13077 .245 *3N 3 644 549 135 26 460 .all
168 -1 077 .294 -3 610 3 970 639-6 132 29 .132 .442
195 .1015 .bt9 -3 442 4 43S65614 127682 614 -133

.249 - 969 .343 .999 2 361 262 67 24 O Ot 5
297 :1013 -366 36,1 3 003 3 024 03 29 7/9 23?

32? .019 .393 1lOil 3976 40G2 I755 674 349
346 .102M 424 .2 236 7 245 71SO 3072.3

369 .13072 .440 3666 6 464 6 675 7656

M6 -. 04? 470 .1. 130 1t1371 11 433 95 68

420 -99 .497 . 91& 11 162 It t"9 94 69

450 - 96 .64? -1.044 79$47 6011s 97 49
473 .1 022 569 .3157 611s 6663l 304
409 .3,026 SM6 -4341 .10230 12042 -123 70

624 .1072 .636 -3 671 -3 744 4 05 -354971
550 :1 119 .647 :2296 .735 2 433 362 27

59-7 .1,3 .6)7 .10 -A4412 3 1 e .3560
GO0 on9 746 - 36 .420 V72 O'w230

624 -527 396 -293 263 t0? I3606
652 -467 .641 .603 . 393 .031 .1419

749 2~Q

79? -. 132
642 -0On
934 302

TABLE 5. 20. MEAN AMD FUDMENTAL FREQUENCY PPISSURE FMR AWAR CT CAM NO0. 8s DYNAMIC IN.=E 114
4j33C tIM NO '301 $3 33134*. OM SOO vV1199

WIWI "O1309 PIIOIIIG 49 DEC 11am 146. do3

064143 3C NE334 STIC INMX 73

&VA 12 GI 261 3 a36 4 20

................................................ ~ SIACC ..................... ............ LWIIb i ...........

11(40 a&?,% VM4CAW 0414 61ov caiA 04I410 0414 1

... .... .... M0 .(,................ ..-.. u.......C.A................

sm -9 036* -295 VA 49Am ON23 6111 0) a" It
0ft .1 C 061 -4 Ste 2 V- S 14# top9 06 -602s

* ~ .076 .3964 Ow3 -364 2633 A64 I" 66 300w t 633
ON 4 -34 Itf -2949 377 tie 4 I tt ' 36 .41
322 .33106 342-43'as 3 246 926 M 46 lo9 go *

4 19 .309 393 .3 111 291 4fi 7 A 3i? 39 40 to0
1" -.34) 2?41.3 Is 94 S66 on1 0)44 fa s -41

1249 .91 294 m1 4091t 636 37)? 4s14 .111
.4?17 M 1119 39 Ing 39!)v 4 916 10*a 4#8 04#
323 I-1037 343 -2034 2603 OW6 14 17I 341

lug .316t 39) as 4491 4 44) Is6 SA 04 ISO
41 .31 M 4.24 .231fil4 o T4 727) lot743

t96 -044 4160 o 33311116 I 323) 300

4it -963 46 - a" I36 me67 11%

.4 13 -f303 a" .39w7 on9 141 *36so
*99 -3016 6111 .4*9 IV 2t40 S643 to 1#

go?4 -30.6 ; 4663 I'mf 4.7? 36

I9s79 .00) 1"6 -633 A46) 9on -33243
Ow -80 "is *%1 .30 Sal -144 2
64 On3 6141 VA6 .974 1312) .3311

1'~1 14131

* 1~Toy9 34
$42 C432
old lot
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TABLE 5.21. MEAN AND FUNDAMENTAL FREQUENCY PRESSURE FOR AGARD CT CASE NO. 8; DYNAMIC INDEX 148

WIW "11EL, ItR 7301 SUPERCRITICAL. CHR0D -00 MTERS

WIG MOTION. PITCHIG 50 DEC ABUT X/C. 403

DYNAMIC INDEX 148 STATIC INEX 75

iI 751 PTOT 203236. K 201
ALPHA 37 01W 55173 7R(Q 330
IE I I4E 07 PlW 13984

....................... 139 SUnFACE ....................... ...................... LOER SURACE .......................

STEADY DATA UNSTEADY DATA STEADY DATA UNSTEADY DATA

.... C .... ................. U.A ------------------- .... CP ...... ................. CPL.. .................
/ C PU J S REL. 13Ar NAG K I,:/C CPL Kit i Ins, 11 4 p
.023 - 62 016 -2693 646 3 156 1457 033 -1431A
.045 .1 04" .0 -A.533 3.206 5 552 144 74 .053 - 474
070 -IWS .092 3 61 2 E90 : 684 142 06 log -31

,,1: -I1 131 117 -3 "791 2 WO 777 1 92 33 X0 - IS
12 1O 142 -4 270 :3 543 5 748 11 go W9 - 50

,147 -1 043 .164 -4 101 3 709 5 U9 13785 361 -627
1e -t n .191 -3 204 3 157 49 135 43 460 8626
1" 1 - 021 24S -3 931 a 9 1 6 322 I2848 '!7 440

249 9 294 -3 51 4 744 $ "51 124 43 614 .-233

,297 • 991 .39 .?1.1 4 542 5 96 120 97 684 066
21 -1 OW .343 - 449 5 465 6 007 Ili 07 .779 238

340 -1 (109 393 : $24 It 058 It 162 62 It 674 348
369 -1 052 4ta -. 57 14 791 14 $3 94 46

.3w -1 052 ,70 461 13 193 13 .101 8501
420 -973 497 2 004 12 564 12 722 94
450 -92 .S47 t023 4 89 14 725 802
4711 em 695 S 964 .6 620 22 772 -134 59

49' -.0 GIs -to 6 -17 5Q4 20 597 .121 e2
574 -942 647, -1346 -S369 57W -104 07
550 -399 497 502 -29249 297' -D 03%
S5! 74 746 &a -is" 1 705 -68 40
6O0 -633 796 141 -26 68 -0 30
.674 525 641 -135 -677 690 -10127?
052 •440 tie •11 -'60 769 -143 31
700 .m
749 .234

TABL 5.22. HEAN A FUNDAL'NTAL FREQUENCY PPSURE FOR ARM CT CASE NO. 91 DYNAMIC INDEX 135
VWGVXL Wlfl f 7304 SPl0tliCA.CH a4 o 0ITF

VI) NO, tal P1011 0in .

O ~~lt M 13 Wtt aX t)

. . .... .. ........ ............ ............. ................Z
At. U' sit 11CAL t"4 w4 "ASE. 60c (f an m INA mom

.013 . teL s ) .14 06,446 73 185 8 32t • M
W3- ,, .41 -2 ow. 44 14 PA9* 6.6 8 ,,015 a -605 A42601* 4 * 9 A6)) ?1141 4 0

m -. 11.0" II .4 14 At" AI 02) l t log *t

349 . .3 oil .4 #12) 4a& A 664 * 000 1"1[24 -4:10% oil '416 lit 9 4 01 A 1 M )
l07 f#cw 164 -4 31 al29 485 9 IlIIf W "
Its* .141 t2) -)42 '639s I t. IS6T4) t

1.:' . 1 4 dX I 2 4 0) 10 a4) 44 14 Wt a

"t1 .6 03 lit -2*1"1 9 2 )6 W58 140 SO ' of 69
"t1 -1 1141414-2 J66 19'a 304W 14C J6 1.-9 fl$

.'w" ... W4 m 3 Ia q to ion~l -i.a 2

m 16) 044 t2 4 s As9a0- *1a3-

31', ,C,' 404. M 2446 1 " IW ,

'.'"a Sal 7" dol 45w6 466 6" •-41,4 -1 ? m ' 1411 3 0 tii$ip 36 a

#. 4*d - 80 aaft A*4 45 * of*

Oft .1Q4 01*44 94 2491 101)

-10 .100 z4 23 .9 4~69

St, -*9 64 *9 6( 14 13)4"a ii 1<



TABLE 5.23. HEMAND FUNDAMENTAL FREQUENCY PRESSURE FOR AGARD CT CASE NO. 91 DYNAMIC INDEX 149

WdING MODL, ?4.. 73ISPERITICAL. CORD. 500 PETERS

WING MTION PITCHING 50 DSAng X/C. 400

DYNAMIC IIAXX 149 STATIC INDEX 76

M 751 PTOT 203M3 K 301

RE .14E 07 PIIF 13M546

............ UPPR SUINAC[-. ................... ....................... ~ OE UACE ....................

STEADY DATA UIISTE&DY DATA STEADY DATA UNOSTEADY DATA

..CP... ......... COU.A ...................... CP...........................CPL. A...............
K/C CPU K/C REAL I"AL HAD PHAE5 0/0 Cm. /C REAL IKIA N14 PHASE

.Om . 562 Dig -2-41" .13 2461 1596a 033 .434
045 -1.048 .067 -4.268 2 3M 487 On 51I07 053 .474
.070 -1.036 .092 -3426 2 121 403= 148 25 to& 53tl
094 1 131 117 -3 423 '2076 4 003 149 7' 29 -Ste
W2 -I 097 142 -3 770 2 815 4 7*5 143 26 V.9 -7S0

147 -1 043 .164 -3441I 2704 4 35 143 41 281 .627
168 - 1059 .191 -2 727 2 056 ? 415 14300O 460 -626
196 .1 021 .245 -3 196 3 397 4 ~ 133 27 532 -410
24T - 956 294 -2 441 2 774 3696 lit 28 6;4 .133
297 .991 319 -1 867 2 535 3 148 126 38 684 086
321 -000 343 -1 420 2 37 31:45 118685 719 2311
348 -009 393 182 3 937 1 t1 72 29 674 346
3 69 -1 052 4241 3 147 1020M 10 ?39 72 97
396 -9 052 470 3626 76$43 6 440 &140o
420 -. 973 497 1.11,41 3 175 31723 565S2
440 SIX9 5at 5093 2708 5 768 2900
473 e$96 595 -8 421 Or? 6 422 179 59
499 W95 61B -4 367 -2 172 A4970 .151 St

524 -949 647 -2 02 -205' 2 fjW, 1114 70
540 .99 697 -I1110 -2 142 Z2547 -122 76
bl0 -784 746 -268 -1095 1 132 -104 IS
600 -833 79 -065 - 575 576 -9549

6.4 M So27 68 cs 140

TABL 5.24 INTATN6U PR$5RE AT) 31I6 UP1ER SU12,HIHRYOLSN

79 Js 0 I , I

797too 110., .. 01 9. 4? 9. 01 0. 4 4) 0. 0. 1

$L94,A2 0 09 ,) 86 .1 11 .8 *I 00 -99 -04 *l4 .0

* .111*4 3.t '1.14 .p "1,1f 160 61.9 t.? 1100 '1.1 1,0.0 .. 1 -10.1 '1111
4006,0149 .146 '.16,1 ut14 JAR1 $1 0111 #It% .01-1d00 *l.040 - 0 '.4412 '1.91 -. 016

W *I*0 4 -IbI 0 . 4 .9 *I18 1P 0 co11 -00 '00 -0* *1.# 9 .1., . * 1 .10*
1 il .11 *.dbt ..00 -190.16 .94 -Assl -101 .109 .. to& 49 .111 *l.S.9l -. 116 .act
* .800 -. 10 -1.,041 '1.014 *l.096 116 -1.0 108 -1.*14 -1.013 1) 6 .11 .1.91 -90 .011, k.14i *9.0

it f60 *0h0 :,O .. -1,006 -1.009l -.100 -1.11 .. 41 1.1 .,8 :13 : I -1:11.0 -1.10 0 1,099 .1.01 "a00 -1:130 *I01,
I9 tt-.11 4 l'1s .14 -1.1 10 .1.1111 01.101 *l.099 .1.191 -1,, 1.00? ' -1?0 .01?0 -1.161 -1.061 -.1

II ~ ~ ~ ~ ~ ~ ~ ~ o .80..0 11. '.8 Ilk ',1 1.1111 -1.104 -.. 0 -1.04 *0.066 '.11 -. 1 -k.461
II .0 *.S -. 0 .. 0 '.9 .. -1.01 -1.1pt .1.101 .1.161 .11.1110, 11.140 .1.141 .1.041

II .oo 1.1 -. 11 110 -. 19 -4.lS *1.11#6 'k.111 *14111p -1.01 -,.0041.0 -.081 '1.at#
10 . Io'.kO0 ."01111 '0.046 -4.0111 -1.019 I.p l.1113 6.9 -. 0 '91 .9 -91 .

0 J11% *lo -i.11 .00 -0.0 41.14 009 l01 l01 -1.09.-.41 .116 :1 '1. its :1, :101 '18 6.0

to .001 '110 -1. l01 -1.110 .01.10 -%.tw 1.90.4 -1.1 61 *1.689 k000 '000 4.01118 .4 .1.01 .1.01 109
o I .6t9 '1.01o -11011 -. 1411 -. 091 '.010 '1.605 ..11 -.40 .00 ..ql .,l '.411 .619 S .0 ,1 ..6t i.ob? .1i -.61d1 -.09 .0111 -.90 .:900 -1 '.116 '0111 .. 41

t0 .90% '. 1 0 .'.to '.16 '.$Ill -.1110 .61l -. 6 -.040 *. .44101 -. a09 -.0111 -.411 -. 6111
is bit0 -.614 .03 -.30. -.sit ..all -.4111 '.003 '.900 *.jttt .606 -J490 -.411 -.4111
to .410 -.1; -. 400 '.11 -. 411 -.61# -.466 *.411 -.Alt -.4$1 -.490 -.404 .16 -.1446 '61 -JIot -.14 -.)*1 -. 10 -. 10 -.01 ':.142 .0 -J .0ot.0 joy5 :I316 -.51
#11 .900t .too .11 -.019 '..011 -.93 0 -.110 .9 -.486 -.114 -.011 -a .*

.0116 *I19o .01 18 0* . .10 .450 Ii .16 .40

w,
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TABLE 5.24. COI1UED.

14 14 I * 1 8 1 9 0 81 8 2 3 4 a5"Z

8481,DG 118.71 8. Il" 187 134.7 140.7 148.7 1 18. 7 158.? 164.7 170.? 178.7 188.7 1M.?

ALPHA,VOLi' -. M3 .276 -.Sib -.349 -.362 -.413 -. 439 -.460 -.474 -. 475 -.467 -. 4a7 -. 463

I xtc * . . . . * . * .*4 * CP * * * * . k . * * * . * * .

1 .01* -.211 -. 213 -.206 -. 204 -. 199 -. 194 -. 199 -. 147 -.184 -,lot -.176 .7 .7
8 067 -1.083 .1.01S -1.008 -1.001 -. 995 -. 8 .8 .7 -91 .8 .5 .157 -.175

3' .092 -1.183 -1.117 -1.111 .1.105 -1.019 -1.091 .1.084 -1.0711 -1.073 -1.08? -1.064 -1.061 .O05
4 .117 -1.09b -1,091 -1068 -1.079 -1.074 -1.06* -1.059 -t.052 -1.047 -1.081 -1.037 -1.034 -1.031
5 .142 -t.045 -1.03? -1.028 -1.01# -1.010 -1.001 -. 993 -. 908 -. 980 -. 973 -. 98$ -. 9*4 -. 960
8 .164 -1.058 -1.044 -1.035 -1.088 -1.081 -1.014 -1.00? -1.001 -. 9 -.990 -.486 -.983 -.979
7 .191 -1.087 -1.090 -1.013 -1.007 -1.001 -. 993 -.961 -.460 -. 975 -. 9*8 -.463 *.454 -. 95
11 .845 -.9*1 -.950 -. 939 -. 919 -.919 -.906 -.699 -.691 -.8644 -.816 -.489 -. 864 -.458

9 .894 -. 1 -. 8 -.99 -.Val -.470 -.9*5 -. 953 .9Y44 *.1034 -.92z -.914 -.901 -.486
10 .319 .1.03v -1.022 -1.013 -1.004 -.997 -.986 -.978 -. 9*8 -. 454 -. 137 -.982 -. 9011 -. 4*7
11 343 -1.5 -1t4 lob3-.8 101 .9 .8 .98 -98 -97 -. 5 .7 .8
18 .393 -1.114 -1014 -1.08?44 -1.00*9 -1.050 -. 094 -.9a -. 9828 -.90* -.9081 .901 :.:1? -.692
13 .484 -1.00* -.984 -.955 -. 895 -.444 -.830 -.449 -.846 -.433 -.815 -.?IQ -.760 -.750
14 .470 -. 454 -. 804 -.747 -. 71* -. 792 -. 747 -. 719 -.758 -.710 -. 688 -.859 -.854 -. 848
15 .497 -A657 -.880 -. 439 -. 859 -. 454 -.634 -. 815 -. 734 -.84* -.8*3 -. 671 -. 647 -.70.

18 S47 -1:.005 -:.97 -. 984 -9482 .65'4 -:111 -. 9 .81:89 .4 60 -89 .0

18 .816 -. 414 -.412 -.441 -. 459 -. 419 -.Sal -.585s -.860 -.756 -. 7903 -. 408 -.764 -.790
it9 .847 -.41S -.438 -.441 -.450 -.460 -.481 -.470 -.481 -. 496 -.511 -.531 -. 515 -.531
20 .897 -. 364 -.371 -. 374 -. 348 -.361 -.361 -.316 -.340 -.378 -. 374 -.37a -.370 -.378

a, :798 -. 1 -13 .1113 13 -113 -. 1 It11 -. 1 -15 .15 *1* .15 -1 18
83 .441 -.00* -.00* -.007 -.00b -.006 -.004 -.001 -.047 -.008 -.010 -.010 -.011 -.818
84 .918 ..1 ..1 .31 M 11 .180 .139 .089 .196 .110 .115 .184 .OI .101

at 87 88 8 30 31 38 33 34 3 8 3 6 3

PI4412,2A04 144.7 800.7 848.7 82*.7 .? 81.7 88.7 830.7 838.? 144.7 846. 0.7 85.? 88.? 08*.?

£L4,84 -. 475 ..#64 -.440 -.tab *.417 -.364 -. 321 -.414 -.143 *.134 -. 084 -.031

2 0* -13 -23 -.174 -.173 -.114 -.178 -.114 -.18a -. 14* -.204 -.114 -.104 -.103
8 28 .92 -44 .99 .94 -. 0a8 -.455 -.. 1 *.lot -. 98 -.070 -.946 -.413 -2.1004

3 .098 .1.03b -1.05b -1.055 -2.055 -2.05* -1.054 -1.06a *1 .0*8 -1.071 -2.076 -1.085 -1.090 -1.201
4 .227 -2.019 -2.086 -2.417 -1.087 -2,089o .8.038 -1.035 -1.1142 -2.088 -2.054 -2.0*8 -2.072 .2.019
5 .248 -.4%7 -.4S6 -.15% -.904 -.48 -.060 -. 946 -.410 -. 477 -.094 -.003 -0.03 -2.48

8 .164 .941 -.41b .4175 -.915 -. 97 -.910 -.461 -. 417 -.441 -2.800 -2.0 -2.025 -2.084
1 .292 -. 19 -.IS0 -. 949 -.0010 -.Vol -. 453 -.95b -.461 *.964 -.97* -. 944 -.1111 -1.0

8 .44 -.J5. -. 844 -. 444 -. 421 -.440 -.641 -.650 -. 1860 -. 810 .674 -.46 .40 -. 111 .9

11"418~ 39 :11, .. 488 ::??: -.898 -.77146 ::I., ::.1119 :011 -.36 -.496 ::$m 8 1., .1
Is .84S -.111 -.719 -.111 -.744 -.144 -1941 -.199 -. 14 -.196 .447 -.016 -.647 -.411

88 890 -,18 .08 -38 .84 -88 .. 81 -. 08 .38 -3 -.911 -. 4 -.106 -.401

88 .40 -. 662* bb -. 60).28 .?at ..Fla8 .211 ..014 .81, ::',.!TI17 .81 -. 8

83 Ms4 -. 003 *90 86 885 -.41 0 -.#*1 -.114t ..Ill -.. 4-. 15 -.11 22Gp -.141 -.601 -.464

4 .928 -.194 140 -.641 -.24 .10 -.p88 .$,I$ -.?1$ .841 -0 .114 .116 .,11

146.J0 0. 87. 4.4.1 -886 84.1 -.144. 8.,0 .8496 08.10 -. 4 -1.1 .844 3.44.

fob* -. 146 .111 -.kit -.lit -.tit -. 888t -. 808 -. 840 -. 440 .111 -.ill -.it6 -. 812

a$ .88 -.13 '.011 *.04 -. 80 -. 081 .121 -.018 -.019 .61 -.Olt -.011 -.014 -..06
at Okb? ko.s6 .411 Us4w ..28 -2.02 -. 11 ..80 '2,19 *.11 I2.NS 62.21 il.t8 lit84.

ft A srs d t .*281188.1. .801 -8,87 ',04 -2,84 -2s9 .2.28 -0,22 .3 2.688 A2.2&

4 .242~~~CO q866 *182 '248 -*83 -244 w284 *285 - 8 .28 b~7 -266 -88 -249
4 .48 -. 84 ,48 .99 .98 .93 94 -89 -..461 *2.42 2.01 ..68 '.838 '8.63

.44 .30 .99 2.88 ',68 2.l -280 -2 18 -. 06 .1.14 t..611 -1.466, -1.888 -246
J429 -%.tot -2.lit -2.64 1.11i -I.i0o -t.61* -l.888 .844 -2.416 -2,486 -0.868 -0.98 '..16

a2 W3 -$.m4 21.0 -2.680 '1.kof -2.tib -2.119 -. M0 k5.134 .2.14 k2.1st '0.111 -2.0 -.1048

20 .164 I.Vis -81 -. 66 -.019 69 .1.96. .1.054 k2.001 -2.00 -1.811 l2.tof -2.868 -2.996

11 .15 -. 3 -.6 1-.4 8 -.041 I.Odl .94 .1401 ..01 *.18* 1.946 .11i -8 .11
88 J140 .. 444j k.out .861 -. 890 .. 4111 .44 -loom -1.061 -1.40 8 -.1 -. 616 -.828 I.Olt

It .261 -.408 .4*5o ..13 1.480 -1 4 4.48 .00 -1.446 .2 .2 .0 .8

84 .*to ~.Ili -.191 -.0%3 -.385 -.list -.414. .i -. 405 .. 1 -. 40-1 -.041 -. 8iP -1.4
I1 .40 -. tot '.840 -. 61y) -.$be -.10r) -. 848 -.:it -.01. -. 4111 -.009 -15 -141# -.8081

18 at4 -.019 -.O20 -.021 -.420 '.888 '1.128 ' 0 -9.002 .08 .041 .828 .2.01 1.1111
'0.1 .S" -. 04 .224 -.611 -.1418 *2 -Ma4 -.So# -.886 -.011. -Mo8 -.0s1 -.1"8 -.121

84 .88 .s .. 4 ..8 .0* .4#4 -,*At .013 .0*&, -. 59 .416 .112 -.420 .091

37 Z!14t .is -41 -40 -44 -011 -41 -41 .1 .1 At -44
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TABLE 5.24. CONCLUDED

4' !)3 64 59 66 %7 66 S6 60 61 be 63 641 65

PMOSO,otGS 368. 366.7 360.7 368.1? 374.7 360.? 366.? 390.7 366.7 408.? 410.? 416.? 422.7

ALPH.j0I. .46,! .48b Go/. *.183 .476 *8 .*448 .427 .403 .37a .33S .091 .240

1 .416 -64 -.266 -.961 *.90 -.0.6 -.269 -.210 -.20 -.267 -.265 -.i!64 -.262 -.258
0 V67? .1.099 -1.1ya -o .106 -1.148 -1.1va -1.108 -1.106 -1.10? -1.105 -1.100 -1.096 -1.09b -1.091
3 .092 -0 .166 -0.186 *1.190 -1.100 -1.09. -1.163 -1.193 -0.160 -1.161 *1.0 -1.16? -1.165 -0.160
4 .117 *1.166 -1.171 -1.171 -1.174 -1.116 -1.176 -1.074 -1.174 -1.173 -1.171 -1.166 -1.066 -1.161
1 .140 -1 .121 -1.12b -1.1a? -1.109 1I.I34 *1.13t *I.130 -1.13 -1.128 -0,006 *I.123 -1.100 -3.006
6 .164 -r.131 -1.134 -1.136 -1.136 -1.139 -1.140 -1.139 -0.136 -0.13? -1.036 -1.15a -1.129 *1.1937 .191 -0.066 -0.868 -1.101 *I.103 -1.0 -1.105 -1.104 -0.003 -1.101 .1.094 -1.09? -1,093 -1.06
6 .086 -0.1039 -1.843 -1.045 -1.047 -1.840 *1.049 -1.049 *1.040 -1.046 .1.044 -1.043 -1.034 *1.034

It .34S -1.100 -0.106 -1.126 -1.130 -1.132 -1.133 -1.133 -1.030 -1.130 -1.109 -1.004 -1.100 -1.117

14 .470 -1.00 .1.0a0 -1.006 -1.809 -1.031 -1.032 -0.030 -1.030 -0.030 -0.006 -1.026 -1.010 -0.007
16 .491 -1.053 -1.061 -1.066 -1.070 -1.073 -1.014 -0.075 -1.076 -1.074 -0.030 -1.966 -1.063 -1.066

06 .1_.0 .40 -. 436 -. 434 -. 30 -.4Z6 -.40 -.80$ -.423S '.401 -. 40a0 -.405 -.606
1 .47 -. 41? -.900 .40 -.4.1 6a -.406 ..4as -.425 -.404 -.420 -.00 -.411 .. 12 -. 40

00 :67 -34 -33 .6 .4 .46 -34 .4 .36 -30 -33 '.4 .3 .4
01 .786 ::1403 ::-.'I0 ::030 .3 .3 .3 -00 -00 -00 -03 .0 .*

00 .66 .10 -. 03 .10 -. 00 .00 - :0:1.00 -1408 3.00 -. 01 .0 -.337 -. 30

04 .906 .0u0 Il .136 0 .001 .03* .137 .036 .003 .1311 .036 .133 .137 .140

TABLE 5.25. INSTANTANESOUS PRESSURES AT THE UPPER SURFACE. HIGH REYNOLDS NUMBER
DATA CT CASE 8; DYNAMIC INDEXC 148

44 1 4 3 4 6 6 1 a 6 00 00Is0

P 4 4 3 , u t ro a l .t 1 . 5 0 . 6 I s i s 4 5 . 5 3 . 6 1 1 . 64 4 s .$ w e . 6S 5 0 6 . 6 6 . 6 1 . 6

60WAM6j .114Y .OW .410 .466 .01l .404 .34 .1$6 . 1 0 .#046 1*94 010%
I ic 4 4 6 4 6 4 6 4 * CI 6 6 4 a 4 4

0 .4# -1.10 .1.11 - '.44 -.IbA4 .. 161 -1.46, I.W -1.049 -1.10 -. 11 1.106 .. 4 .416

1 4061 40 :,':a d0:1 -:.07 -0.0,9 0.! :,'A!6 :00 6 0. 7 0 07 1 1 :0 0412 :1 -) 8tt -1.010
3 80 -0.044 -106 -386 '.066 .0,061 .01 -*.,1*, -1.0 -0.10, 1.6 -8.0S 1 '.16 01.00

4 .00? .100 004 .06S -1.00? -0.046 -0,46'.066 -,69 -0.066 -0.04 t.0to -0.093 I0.vbb -0.009
5 4 06 -,040 .1.441 -004 .1.40 4.000 -0.0 0.fte -0.40 .V44 -0.000 -1.001 -1.090

.14 0..403 0.044 -061 -0.M7 '8.u4% .1000 .10104 .1.016 -,0 . 0.sl -. 008 ..898 .101 -8.010
to0' 4 -. 46 -.00 *t,001 *1,1vo -1.611 *,609 -1.60 .. 10 -1.11 -1.10 .. I -1.1)s ".1

.606 .380 -.86 'I06 V,66 'I84 -.46 I.s 0.0tb .,444 I46 1 .. 0 .60
*.64 .4) :.lb -"t'44.411111 '.43 *8b '.. -,.M4 '.40.40* .0 ,1 .0 .. Al

to6. .,3 :boo0 -,Aid .060 "Is% '.,los -.141 -. 1t*9 -.At$ '.I ',00 I.w
at .?A .,41. '.1.19 -.0M '.085 *.911 -,?a* -.044 -.84) '.tit -. W0 '.1t6 -.094 *.416

. i0 : W00 .18 t0* .1I .0J4a .804 .3p8 .04 .00 .,08. 00 .6

408.viv4 .8604 a .86 .4.A ,) - .04 I ' .tot -.1k& -.461 ..Jot '.10 '.14f -.44V ..$oo

~~~i~l 1:6 ':01 to83 I8 ,~3 .01 '4*0 1.0 .00) 4 ' .004 '10 .087s
6 8? ',4 '.5 180 -0.146 -1441 -0.046t '0,I6 -1.1§1 -1.14? -1.11t :080 '040 .lit0

I 08 '.Vbp -1.9s) -109341'.064 .16 1.irbf .166 '0.W6 '..90 -0.at 1 -040 -0.600 -101
6 00 '.64 0.8 '1,614 '019 .80 t .08 -1.01 0 .t '1.860 '066 ' .668 .046 .. 3' '0.960

* 0:4 k0:9 0.9t'.o -. 8 10.466 -0,68.0 -title -4..0 .. 41 4 il '1.64 -10600, -f -.45, 0.4 '4 .0.410 '0.809 0.1ts.0 .0.606 -0.4011 0

6 14'k WS~) ell9 -1.90 I0.vto i0.011 '0.101% 0, 0.1414.6 '.140 -.41% -,*it~ 6i
0 .34 .. 0 '1 .136 -0.906 -0.114 '0.944 -title -0.400 '.601f *.vkI -1.%;:: '1.,*Q3 -. vivo -.9sibs38 '0.4 '0.94 -66 'w 0 4.416 .1.404 "0.60* -0.609 4 - 0 .. 1 -0.60 -0.86 -1.18

is.9 '.3 a003 its8 '.000 '0.130 '1.0149 00* 40.004 -1.19 '..16 .0061 -.1411 .. 06ii .3' 0.l '1:01: -SOwtl '0.66' -1064 '0.161 4.016 '..19 '0.666 -0.660 41.064 -0.606 -1.1to .416 '.069 -. 4019 ..V46 .94 .ties -. 676 -.$to -. 464 -. 064 -411o -.64 '.901 96
85 .490 -901 -0.60 '8.016 44140 -0.308 .121* 01.41f '10.6 -0.601 -.001 '.4ti -.46t 4.111

~~8 08 .446 '.554 ~ its 1.544 '.1 444.-6? -10 ,0 .1 '.49 '. ..eta 4

89 .40 .08 '40 .96 '.1 -48 .144 '.430 -.80 -.ell '.ift '.111% '.866 -. M0
at too' -.146 --.06% -.14*1 -.1** -.two .* .5 .66 '00 -00 '.0 .8 .6

its .61 *el -11 -61 .if .bb:#:1 :4' 1
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TABLE 5.25. CONCLUDED.

it 31! j $4 is 36 37 is 39

1-14 Ib lb 5 to,?P.qA'3E'('tG 1;u 1:. 9's Wl"$j 181'5 1111.5 1qj 5 199.5 205 s 21 s it 5 22M 22.
5 46 1 a ':3 J" .3:0

ALPMA.Ut a 4 4 4 4 ..A;. ..'3, -

. . . . . . . . . . . . . . j;P

I ulb - eqjs -.ev3 .. 't'j -. 194 -. Iva -. 197 -. 146 -. tq5 -.19b -. 19b -. 1 -. 196 -. 197

3 :00,", .;:9,9"4 _;:qv'8Q9 4:09t,", -1:0:9 .;:0:: 4:931 .;:0:?, .;:09:"
4 1 o'o , Ub S '1 '655 :11' :'1 11 101, U- 'l '1 :1:0,11 :'1:voq :1: : :0

006 t 0'4' 119s qq
b .164 -1.037 -1.029 -1.0ib -1.021 -1.019 -1.0ts -3.016 -I.YI4 -1.014 -1.013 -1.013
1 191 -1 " 14 -1 oil -1 0116 11:1U, 1!: "1 u 1 "1:1*91 It ::;:,, :::11 :: 11, 3 ::Iqa

4 S1:a 5 .41 0, 04" 6, :.937 z4t"'.29 :. 7 974 9 -.qb 4 -.956 -.o's -.94: .. ;-12 -. 940
to .31; -.941 _.Uo -. 96z -.1T, .. :714 .. 472 -.169 -.965 -063 -.*so -.957 -.955

:3.11 
1:99

1 3 1 l i
11 

A .;:u
is .024 .1.01!0 1.014 .. 9 99 -. 9:9 -. 977 -06's -. 95! -.9214 -.49 2 -.$5? -.8116 -.4311 -.81.
14

1 :410 18 ::114 13 1

::87'7 ::S"6 ::,49". zls' :::0?6.5 9 9 - a do 69
-1.0le -1.070 -1.061 -1.063 -t.054 .1.040 -1.0ij -1.007 .. :64 -. 4619 .141 -. 909 -.602

:b" -.0ob -.491 -.SOO -.bud i.bUs -.513 -.bjt -.bit -.556 -.574 -.591 -.624 -.65a
to .61# .. fa4i -. 4ji -.40 -. 042 -. 0bo -. 460 -. 0b'i -. 476 -. 401 -. %ue -. 516 -. 340, -. 934

19 6 1 all's ::36775 :11441 ::34, 1, I'S 4'q
40 36

.7 4 -.4.1 -.i!l -.a -.20 1 ..a I ..a 3 So 1,39 Z56
Its22 .110, -.110 -.111 -.11, -.113 ..W1 ::',I? I's

43 .441 -. 007 -. 004 -. 009 -. 009 -. %)Us -. 009 -. 906 -. 001 -. 909 -. 410 -. 009 -. 019 -. ,)It
."1" 147 lid Ijj .110 .1415 ISO .414 .130 114 .123 .1)0 Its .144

JS GG *1 611 as 44 as as 41 48 As so 51 so

valkst.oklip d3to.-O 041. a4l.5 454.5 09.5 ass.$ 0t.$ Wit, M.5 141.5 05.5 301.9 Sol.$

Woo. Ut GO -. ,is% -. 140 -. 4140 -. 10 -. Vqb -. 044 .401 .064 .114 .16? it* to$ .301

I Ric Co 4 4 4 4

1 .016 ..kq? I I V -.901 -.tog -. 4ve -.tot -.409 -.111 -.#1* -.414 -.eta -.41
.061 -. 4049 -.41k -1.001 -1.000 -1.044 -1.411 1 tp I I -1.4it .4.00 -1.03

.0 0, 1 :0 6 :41:1:61 : 1, : 4' V1 :,,:!,,a
Is -k.oyv .1.001 -1.90S I . y 01 .1.4401t .1,01*1 .1.01% k.414 -1.044, .1.011 .4.03t .1.411
6 .164 -1 olt .1,016 -1.011 -1.019 -1.-.44S .'14'l 01.411 :,,:all* :'k::S' :1, :

::,so ...vs
to .114 .Olil -.11st -.9 a , ."a ""1 '.11"
1k .3 1 1 -.054t -.111 .. 4sov -.145 -.40 -. 110 .. a4r ::'Ms -. 466 -. 411 -.404
it M .1.4yo -. 414 '.9t3 -.%so -. 040 -. 016 -.988 -.111 -. Vat -AM -. 141 -. W -.1142
is Ott -. 414 -.#at .,top -.446 -. 641 -. 111 -. 4ti -.Ott -. 4111 -. eta .4611 -. 410 -Mr

0
'S
It Stt -.$bv -.0" -.Ott ..bjo -.44 1 .114 -43 4 :6 -.61te -.461 -.64! ..6111%
1 it$ bv,4 -.114 -.?%1 -.114 *060, -.641 -.M .,Set ::Wso 61 ..##a

0, ..Isv -.6vt -Mi -. 0161 .. (#Wb .. Ita -.11 1 1 44
%tv -.4140 -. o*$ -. 0141 -.4#1 -,all -. 1W -.101 ..S :13! Is Is

..Soo -.W -.160 -.101 -.114 -.894 -.11# -.3ti -.11% -.At#
if 40 011 ::as% I zas t I

"a :,40: ::1111 eta ::I
as -.01, Z!, . -.11: -.64, -.41: -.1111 .. tot$ :.6111 -.Oki *.$I
to Me .144 idt .146 .14% .104 M) oilt W .00 .1j# kit .110 W

4 at 61 61 06 61

A*I.l SOO.% M111 SGI.11 tot.% W.% VIA "11.11

.00 .641 .641 '041 W Mrs aob .6" M4

tot 4 4 4 4 tO 0 0

-. 40 -.436 -.401 -. 06: .06 .. is% if*# -. tell -. it%,

tot I .;k It i.vot I .0v -1 .6" .1,4114 -I.WA4 .1.1161 .1.00 .1.0tt -1.0$ -1.0% -0.010 -&.0o
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DATA SET 6

RAE WING A. OSCILLATING FLAP

by

D. G. Mabey, RAE Bedford

INTRODUCTION AND DISCUSSION

An extensive series of oscillatory pressure measurements6.1,2 was made on a half
model of a swept wing with a part-span trailing-edge flap (Fig 6.1), to highlight the
uncertainties in linearised theory at transonic speeds and moderately high frequencies and
to provide evidence of the importance of boundary-layer thickness. The model thickness-to-
chord ratio was selected to ensure that at zero incidence, even at transonic Mach numbers
up to M = 0.9, the local Mach number, Me , would be less than 1.2, so that boundary-layer
separations were avoided (Fig 6.2). The mean isomach contours are given in Figs 6.2 and
6.3 which illustrates some measurements made for angles of incidence other than zero.

The magnitude of the oscillatory pressures decreases significantly as the boundary-
layer displacement thickness, 61 1 at the flap hinge line increases, consistent with the

reduced lift-curve slope of the flap. However, the phase lag of the oscillatory pressure
with respect to the flap motion decreases as the boundary-layer thickness increases
(Fig 6.4). This large change in phase angle, * , is now attributed to the displacement
effect of the time-dependent turbulent boundary layer

6 3.
The major uncertainty in the original experiment6*1,2 was the absolute value of the

flap deflection, wflich could only be specified to about 5% accuracy because of aeroelastic
distortion (both static and dynamic). In the subsequent tests a stiff flap was used made
of carbon fibre 6'*, together with a new form of optical transducer to measure the flap
amplitude6.'. There were also improvements in the measurement of pressures. None of
these measurements is included here, for other reasons discussed fully in Ref 6.3.

In the original experiment good comparisons with inviscid linearised theory were
obtained at subsonic speeds (Fig 6.4). The principle of superposition of flap frequencies
was valid at both subsonic and transonic speeds (Fig 6.5a&b). However, at transonic
speads sinusoidal flap movements do develop significant pressures at harmonic frequencies
behind the shock waves, owing to the non-linearity of transonic flows"1 and small aero-
elastic distortions (Fig 6.6).

Ref 6.1 gives some details of the original experiment while Ref 6.2 reviews the
principal results. Ref 6.3 gives some preliminary measurements on the same model fittedwith a modified flap and drive system capable of much higher frequencies. Amongst other

results, these tests established that in the original experiments6.;*2 the effects of the
unwanted wing motion on the oscillatory pressures were small.

The data presented correspond with some of the CT cases in Ref 6.9 chosen for RAE
Wing A with an oscillating flap and relate to both subsonic and transonic flows. Of the
CT cases, 4 and 5 are for ubritical flow and 11 is for superoritical flow. For CT'Cases 8 and 9 the unsteady flow is termed 'critical* because a local supersonic region in
present intermittently. (See Table 6.1 and discussion in Ref 6.1.)

No data for the CT Cases with heaving or pitching or for CT Case* 10, 12 and 13 are
yet available.

1 GENERAL DESCRIPTION OF MOiEA
d 1.1 Designation R"E Wing A

A 1.2 Type Halt model with part-span trailing-edge flap

1.3 Derivation -*1
1.4 Additional remarks -

1.5 References Ref 6.5

2 MODEL GEOMETRY

2.1 - Plfb Straight tapered

2.2 Aspect ratio 6

2.3 Leading-edge susep 36.65"

2.4 Trailing-edge sweep 22,340
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2.5 Taper ratio 1/3

2.6 Twist 0

* 2.7 Root chord 240 mm

2.8 Span of model s = 480 mm

2.9 Area of planform 0.0768 m2

2.10 Location of reference sections RAE 101 - 9% streamwise
and definition of profiles

2.11 Lofting procedure between Straight line generz*tors
reference sections

2.12 Form of wing-body, or No body: 0.6 mm gap at root
wing-root junction

2.13 Form of wing tip Straight streamwise chord: no radius

2.14 Control surface details Trailing-edge flap fromr n = 0.40 to 0.70.
Hinge line at x/c = 0.70 swept 27.050. Small
chordwise and spanwise gaps (see Ref 6.1)

2.15 Additional remarks

2.16 References

3 WIND TUNNEL

3.1 Designation RAE 3 ft x 3 ft

3.2 Type of tunnel Conti:,uous and pressurised

3.3 Test section dimensions Height - 640 n, width - 910 mm,
length - 1370 mm

3.4 Type of roof and floor Slotted

3.5 Type of side walls Cosed

3.6 Ventilation geometry Four compl ete slots aad two corner half slots
in roof aid floor, covered with perforated
plntes. Open area ratio of slots - 8

3.7 Thickness of side wall 8* 1 7 mm
Doundary layer

3.8 Thickness of boundary laycs 6* less than 7 mm
at roof and floo"

3.9 Method of measu;'ing Mach Plnum ohamber pressure

number

3.10 Plow angulari.y About 0.1

3.11 Uniformity tf Mach number over *0.002
test seotios,

3.12 Sources anl levels of ndise or Mixing region at endo of working section.
turbulanou in empty turaiel Typical levels at tranvasnic speeds VnF(n) -

0.004 (Raf 6.6)

3.13 Tunnel resonances Tunnel resonanco frequencies well above flap
frequencies

3.14 Additional remarks

3.15 References on tunnol Ref 6.6

4 MOPEL NOTION

4.1 General description Sinusoidal pltchlng of flap about swept .hinge

line

IW 4.2 Reference coordinate a0, Flap deflection relative to wiag chord at

definition of ft tion n a 0.55 (mid-flap)

i4.3 ange of amplitude 0 to 20
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4.4 Range of frequency 0, 1 Hz, 90 Hz and limited data available at
131 Hz

4.5 Method of applying motion Semi-resonant motion

4.6 Timewise purity of motion Good. First overtone 40 dB lower than
fundamental

4.7 Natural frequencies and normal First banding frequency at 60 Hz, second bend-

modes of model and support ing frequency at 143 Hz, minimum model motion
system at 90 Hz

4.8 Actual mode of applied motion Elastic deformations were not measured but
including any elastic were subsequently shown not to alter the
defoimation pressures at 1 and 90 Hz

4.9 Additional remarks Influence of wing motion discussed in Ref 6.3

5 TEST CONDITIONS

5 1 Model planform area/tunnel 0.13
area

5.2 Model span/tunnel width 0.53

5.3 Blockage 1.2%

5.4 Position of model in tunnel 685 mm from start of working section

5.5 Range of Mach number 0.40, 0.65, 0.80, 0.85, 0.90, 0.95

5.6 Range of tunnel total pressure 0.95 bar

5.7 Range of tunnel total 278 K to 298 K
temperature

5.8 Range of model steady, or 0 to 20
mean, incidence

5.9 Definition of model incidence Model set to zero geometric incidence
(NB up to 0.10 flow deflection)

5.10 Position of transition, if Limited data with free transition in Ref 6.2
free

5.11 Position and type of trip, x/c - 0.05, roughness elements 0.13 mm high
if transition fixed and 2 mm apart

5.12 Flow instabilities during No periodic shock oscillation but some random
tests oscillation associated with unsteadiness in

tunnel flow

5.13 Changes to mean shape of model Negligible
due to steady aerodynamic load

5.14 Additional remarks

5.15 Reference describing tests Refs 6.1, 6.2 '

6 N,FASUREMENTS AND OBSERVATIONS

6.1 Steady pressure# for the mean conditions / r
6.2 Steady pressures for small changes from the mean conditions

/ 6.3 Quasi-steady pressureb

6.4 Uns.eady pressures /

6.5 Steady section forces for the mean conditions by integration
of pressures

3 6.6 Steady section forces for small change s from the mean conditions
by integration

6.7 Quasi-steady section force by integration

6.8 Unsteady reetion forces by Integration

6.9 Measurement of actual motion at points on model

.Ii



6.10 Observation or measurement of boundary layer properties

6.11 Visualization of surface flow

6.12 Visualization of shockwave movements

6.13 Additional remarks

.7 INSTRUMENTATION

7.1 Steady pressures
7.1.1 Position of orifices See data tables

spanwise and chordwise
* 7.1.2 Type of measuring system Capsule manometers

7.2 Unsteady pressures

7.2.1 Position of orifices See data tables
spanwise and chordwise

7,2.2 Diameter of orifices 0.5 mnn

7.2.3 Type of measuring system Individual in situ transducers

7.2.4 Type of transducers Kulite type XCQL 093 25A

7.2,5 Principle and accuracy of Steady calibration and tests with oscillatory
calibration pressure generator (see Ref 6.7)

7.3 Model motion
7.3.1 Method of measuring motion Foil strain gauges on steel flexures at

reference coordinates n - 0.52 and 0.66. Average motion at n 0.55

- 7.3.2 Method of determining Not measured
spatial mode of motion

7. .3 Accuracy of measured 5%
motions

7.4 Processing of unsteady
measurements

7.4.1 Method of acquiring and Serial logger to Digital Transfer Function
processing measurements Analyser (DTFA), paper tape input to remote

computer; parallel magnetic tape

74.2 Type of analysis Harmonic
7.4.3 Unsteady pressure Fundamental only

quontities obtained and
accuracies achieved

74.4 Method of Integration to Not integrated
obtain forces

7.5 Additional remarks

7.6 References on techniques Rafs 6.1, 6.3 and 6.4

*S. DA24 P&M14TATION

8.1 Test oases for which data Table 6.1
* could be-made available

84 TeSt cases for w -ch data are -Table 6.1
included in this dooument

8. Stikady pro#-vures Tables 6.2 to 6.$

0.4 Quaai-aLeady or steady Tables 6.2 to 6,5
perturbation prsessres

8.5 Vnettady Pressures tables 6.2 to 6.5

* 8.6 SteAd' fores or momentts

8.7 GUaoi-steady or steady.l~jertarbatlon forces,

*H 8.8 Unstehdy fatces and moctnts -

8.9 Other for msln which data
oui4 be available



8.10 References giving other Refs 6.1, 6.2, 6.3 and 6.8
presentations of data

9 COMMENTS ON DATA

9.1 Accuracy

9.1.1 Mach number ±0.002
9.1.2 Steady incidence t0.10

9.1.3 Reduced frequency Variations up to ±2% from nominal values due
to temperature variations

9.1.4 Steady pressure C better than ±0.006
coefficients

9.1.5 Steady pressure
derivatives

9.1.6 Unsteady pressure Magnitude of Cp/60 to ±(0.051C/60i + 0.02).

coefficients Phase to ±30

9.2 Sensitivity to small changes
of parameter

9.3 Non-linearities Small (discussed in Refs 6.1 and 6.2)

9.4 Influence of tunnel total Not known
pressure

9.5 Effects on data of -See Introduction
uncertainty, or variation,
in mode of model motion

9.6 Wall interference None
corrections *1

9.7 Other relevant tests on Ref 6.3
same model

9.8 Relevant tests on other Ref 6.5 for relevant steady tests
models of nominally the
same shape

9.9 Any remarks relevant to Some interesting comparisons with subsonic
comparison between inviscid linearised theory in Ref 6.2
experiment and theory

9.11 References on discussion Refs 6.1, 6.2 and 6.3
of data

10 PERSONAL CONTACT FOR FURTHER D.C. Haboy
INFORMATION Dynamics. Laboratory

RAE Bedford
4K41 6AE
UK

4. 11 LIST OF REFERENCES

6.1 D.H. HcOwat Time-dependent pressure measurements on a swept wing with an
B.L. Welsh oscillating trailing-edge flap.
B.E. Cripps RAS Technical Report 81033 (1981)'"

6.2 D.C. Mabey Aerodynamic characteristics of moving trailing-edge controls at
B.L. Walsh subsonic speeds.
D., HcOwat AGARD CP 262, Paper 20, May 19791

AE Technical 4emorandum Structures 947 (1979)

' 6.3 D.G. Habey Further aerodynamic characteristics of moving tvallng-edge con-
8.L. Welsh trols at subsonic and transonic *peeds.
DB.C Cripps RAE Technical Report 80134 (1900)

S6.4 B.L. Welsh A new angular displacement transducer.
RAS Technical Report 79026 (1979)

6.5 D.A. Treadgold Pressure distribution measured in the RAE 8ft 6 6ft transonic
A.F. Jones tunnel on RAE Wing 'A' in combination with an axiLy~mtio body
XU. Wilsn at Mach numbers of 0.4, 0.8 and 0.9.

AGARD AR 138, Paper 84 11979)
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6.6 D.G. Mabey Flow unsteadiness of model vibration in wind tunnels at subsonic

iand transonic speeds.
cP 1155 (1971)

6.7 B.L. Welsh Some notes on the measurement of oscillatory pressures.
RAE Technical Memorandum Structures 869 (1975)

6.8 D.M. McOwat Dynamics Lab Memo 1 (1982)

6.9 S.R. Bland AGARD three-dimensional aeroelastic configurations.

AGARD-AR-167 (1982)

12 NOTATION

cr root chord

Cp steady pressure coefficient

Cp complex pressure coefficient
p

R(C ) real part of Cp

l(0 ) imaginary part of C
p p

f frequency (Hz)

Ik frequency parameter ftcr/U

M free stream Mach number

M4 local external Mach number

Re Reynolds number based on free stream conditions and root chord

U free stream velocity

a angle of incidence

a 60  flap amplitude in streamwise direction (see Note below)

61 boundary-layer displacement thickness at hinge line

6* boundary-layer displacement thickness at wall

n dimensionless spanwise coordinate y/s

A sweepback angle

dimensionless chordwise coordinate (fraction of local chord)

* phase angle of pressure with respect to flap motion

NOTE: For consistency with the standard notation suggested by Bland, the symbol 6
represents the flap deflection angle measured streamwise. In Refs 6.1 to 6.3, which give
other information about the tests, the symbol 6 represents the flap deflection measured
normal to the hinq line. Thus

(6, as used here) i (d of Rote) x cos A1 L , where AU - 27.050

- (6 of Refs) I 0.89l

(C /6, as used here) 0 /a of efts) u 1.122
p

* 4

.0
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Table 6.1

SUMMARY OF DATA GIVEN AND DATA AVAILABLE

Rex T1 c n CT or Time- Test
M io6 k de) dg) - - 46 0.5 data dependent ~10-  (deg) (dg) 0.35 0.45 0.60 0.75 given flow No.

0.40 1.91 Steady - 0 1 1 1 1

0 .0055 1.78 0 1 1 1 0 A 1

0.50 1.71 0 1 1 1 1 A

0.65 2.78 Steady - 0 1 1 1 1

0.0035 1.75 0 1 1 1 0 A 2

__ 0.32 1.63 0 1 1 1 1 A

0.80 3.14 Steady - +2 1 1 1 1 / 9
+1 1 1 1 1 - 7
0 1 1 1 1 / 3
-I 1 0 1 0 - 8
-2 1 1 1 1 / 10

0.0029 1.75 +2 1 1 1 0 / A 9
+1 0 1 0 0 - A 7
0 1 1 1 0 / A 3

-1 0 1 0 0 -A 8
-2 1 1 1 0 / A 10

0.26 1.60 +2 1 1 1 1 5 A 9
+1 1 1 1 1 - A 7
0 1 1 1 1 4 A 3
-1 1 1 0 1 - A 8

1 -2 1 1 1 1 5 A 10

0.85 3.23 Steady +2 1 1 1 1 13
+1 1 1 1 1 11

0 1 1 1 1 4 .
-1 1 1 1 1 12
-2 1 1 1 1 140 .0028 1.75 42 1 1 1 0 B 13.

+1 0 1 1 0 A 1$1

0 1 1 1 0 A 4

-1 0 1 1 0 /A 12

-2 1 1 I 0 A 14 "

0 0.24 1.58 +2 1 1 1 1 13
+ 1 1 1 1 ,, 11
0 1 1 1 1 A 4

-2 1 1 1 1 A 14

0.0 3.32 Steady - +1 1 1 1 1
0 18 IS

0.0026 1.76 + 1 0 1 1 0 /61

.8 0 0 1 1 0 C 17

-O 1 1 1 0 C G6i

0.24 1.58 +I 1 1 1 11 C 10 1 1 9 8;5.
-I I I I 1 11 A 16

0. 95 3.38 Steady - 1 1 1 1 1 1 ?

0 1 1 1 1 6
-1 1 1 1 C 18

%' 0.0036 1.80 1 0 1 0 C 17

0 1 10 C 6

-I C 10ritial

Data availabio'l 1
No data 0
Data aiveais /

All tests made with fixed transition.
Pasults for lower surface are obtained froim negative intidm ..

2: .J 4--
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DATA SET 7

NORA MODEL. OSCILLATION ABOUT A SWEPT AXIS

by

N. C. Lambourne (formerly with RAE)

INTRODUCTION

This Data Set relates to a low-aspect-ratio model oscillating as a rigid body about
a sweptback axis as shown in Fig 7.1. The data were obtained during an international
cooperative investigation of wind-tunnel interference on unsteady measurements*. Compara-
tive measurements were made in four different tunnels two of which, the NLR High Speed
Tunnel (HST) and the ONERA Modane S2 tunnel, were large in comparison with the model. The
results from those tunnels are considered to be free of large interference effects.

The numerical data includeA here correspond closely with the AGARD CT Cases and cone
mainly from the HST in which the most extensive tests were made. Where nominally identical

* conditions were tested in the S2 tunnel, the corresponding data from that source are also
included.

Fig 7.2 and Table 7.1 show the parametric combinations for which data could be made
available if required. The cases for which data are included here are detailed in
Table 7.21 they comprise not only all the CT Cases, but in addition a low-frequency (5 Hz)
set of data for every Mach number and mean incidence combination of the CT Cases.

Fig 7.1 and Table 7.3 show the positions at which the steady and unsteady pressures
were measured. Because no steady pressures were obtained at the two spanwise positions
at which the oscillatory pressures were measured, direct comparisons between unsteady and
zero-frequency (k = 0) equivalents are not possible. However, oscillatory pressures were
measured for an oscillation frequency of 5 Hz (k r 0.035) and it is considered that the
in-phase component of pressure for this frequency is sufficiently close to that which
would be obtained for a quasi-steady condition, k 4 0.

For the unsteady measurements, attention was directed mainly to the upper surface
(the extrados, denoted throughout by E) whilst only a few measuring positions were
provided at the lower surface (the intrados denoted by I).

* f it should be noted that the measured steady pressures are not expressed as pressure4
coeffiients Cp , but as local Mach numbers ML . Also the oscillatory pressures have

not been converted from their original form of R and I , the real and imaginary compo-
nents non-dimensionalised using tunnel total pressure, and not dynamic pressure. Multiply-
ing factors for the conversion of these quantities to the more usual C'/0  and CON
are included in the tables.

Mode of oscillation

PThe oscillation imposed on the model was basically rigid-body rotation about the
axis shown in Fig 7.1. The motion was defined by the output of a transducer attached to
the driving shaft rigidly fixed to the toot of the model. The transducer output was
calibrated to read angular displacement 0 in a streamwiae plane parallel to the plane
y 0. The oscillatory signal, 0 * 00 sin t , actd as a pase and amplitude reference

for all the other oscillatory quantities.

Due to model flexibility, there were slight departures from the design mode of rigid-
body motion, and these differences tended to increase with oscillation frequency. Informa-
tion about the actual motion was obtained from the six accelerometers installed within the
model as shown in Fig 7.1 and datailed in Table 7.4.

Because displacements deduced from accelerometers tend to be unrealiable for low
frequencies, no measurements were made for 5 lz. However, for this frequency it can be

:4 confidently concluded that the differences between the actual motion and the design mode
ware negligible.

For the 40 I1z tests torresponding to the CT Cases, tile complex amplitudes of the

normal displacements, z , at each of the accelerometer ositions ore given in Table 7.5.
The severity of the departures from the design mode is more readily appreciated from
Table 7.6 which gives, for the three ppanwiso positions containing accelerometers, local
pitching and wing bending ( the rotation about, and the normal displacements of, theit" design axis) as deduced on the basis that each chordwise section remains rigid. Not su-prisingly, the deformations in twist and bending tend to increase with spanwise position.

' The letters of the acronym NORA refer to the names of the organisations involvedt1NLR, ONERA, M and AVA (a branch of DPVLR).
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The bending deformation if it were exactly in phase with the pitching motion would

simply amount to a small change in the local position of the pitching axis. A few theore-
tical calculations made at the time of the experiments to examine the effect of changes
of axis position on the unsteady aerodynamics showed that the measured amount of super-
imposed bending motion for 40 Hz is not likely to produce significant contributions to the
oscillatory pressures.

With regard to the effects of the twisting deformation of the model, it can be
inferred from Table 7.6 that the actual pitching motion at the sections n = 0.524 and
0.712, where the unsteady pressures were measured, has (1) an amplitude rather larger
than the reference e0 and (2) a small phase lead. The phase lead is never larger than
40 and its effect is probably negligible within the general accuracy of the measurements.
Since no corrections for the model deformations have been applied to the tabulated data,
which are normalised using the reference 60 , the increase in pitching amplitude at the

unsteady measuring sections suggests that a user of the 40 Hz data would be justified in
reducing the values of the normalised quantities R and I by a few percent.

No numerical data for 60 Hz are presented here but could be made available if
required. For this frequency the bending motion of the wing is larger than for 40 Hz,
and without an analysis it is not possible to conclude that its effect is insignificant.
In the absence of such analysis, the 60 Hz data should be regarded as only qualitativelyrelating to the design mode of motion.

Steady flow

The steady flow at the upper surface can be inferred from the distributions of ML
shown in Figs 7.3 to 7.6.

When the incidence is near to zero, for all M , there is a small region of high
suction and a recompression situated close to the leading edge. With increase of incidence,
for each subsonic M the high suction region extends backwards over the chord and is ter-
minated by a steep pressure gradient - the forward recompression. For higher subsonic M
this is followed by another expansion region, which for M = 0.95 is terminated by a shock
wave - the rear shock, aft of mid-chord. The three-dimensional nature of the flow when the
model is at incidence can be seen in the isomachs of Fig 7.7.

Whereas there is no doubt about the existence of the rear shock, the exact nature of
the flow over the more forward part of the chord is not absolutely clear. Although for
some of the test conditions the local Mach numbers in this forward region are supersonic,
it is not obvious that the forward recompression involves a shock wave. Certainly there
is no possibility of a shock wave for M = 0.80 even at the highest incidence. It is there-
fore important to note that the general shape of the forward recompression remains
essentially the same as M is increased up to its highest subsonic value M - 0.95.
Furthermore, the high angle of sweepback of the isomach6 in the forward recompression
region, as seen in Fig 7.7, suggests that a shock wave will not be present. Instead it is
probable that for much of the incidence range and for all subsonic Mach numbers, a leading-
edge separation vortex extends across the upper surface.

Influence of incidence on the oscillatory pressures

An example of the influence of mean incidence on the oscillatory pressures for
H4 - 0.90 is shown in Fig 7.8 which gives results for the uppar surface (E) at sections 2
and 4 and for the lower surface (I) at section 2. It is the upper surface that is most
affected by increasing positive incidence, the lower surface tending to retain the pattern
it has for the non-lifting condition. Also, whereas for a non-lifting condition the dig-
-tributions for the two spanwiso positions are basically similar, with increase of incidence
the characteristics for the upper surface become more three-dimensional and the loading-
edge peaks in R(X) and I(X) move to the rear and broaden. These changes are doubtless
related to the rearward displacement with incidence of the steady-flow recompression region,
as already seen in Fig 7,4. For *m a 30 # AX) and I(X) at section 2E each consists

of a loading-edge peak followed by several subsidiary peaks or 'crinkles', lying ahead of
the rear shock peak which in situated at about $5 chord. With further inrorease of inci-
dence to mm f $0 , the crinkles have almost disappeared and have been replaced by a more

regular distribution of forward and rear peaks; It would seem that this evolution is
associated with successive stages in the development locally of high subsonic and eventually
supersonic flow.

1 At section 4E with increase of incidence, (X) becomes negative over nearly all
of the rearward half of the chord. At the highest incidence, u 50 , the forward peak

extends over much of the fore-chord as a result of the fanning-out of the forward recom-
pression, possibly associated with the separated vortex flow suggested previously.

kInfluence of oscillation frequency

The effects of changing oscillation frequency are shown, at loast qualitatively, for
each of the CT combinations of H and a in Figs 7.9 to 7.15. for the non-lifting

! cases, Pigs 7.9 to 7.12, results are shown for section 2E onlyl for the lifting cases,
Figs 7.13 to 7.15, results ate shown for both sections 2E and 4E

4p
|~
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Changing frequency is generally expected to affect the imaginary component and phase
angle. For the non-lifting cases the frequency effects on the real component are not
large when the flow is either completely subsonic (Fig 7.9 for M = 0.8) or completely
supersonic (Fig 7.12 for M = 1.10). Greater sensitivity to frequency appears in both real
and imaginary components where the local.flow is close to sonic (Fig 7.10 for M - 0.9, near
mid chord) or in the vicinity of the rear shock wave (Fig 7.1 2 for M = 0.95).

For the lifting cases (Figs 7.13 to 7.15) the real and imaginary components show con-
siderable changes, not only at the rear shock wave, but also at the forward peaks.

Sensitivity to small changes in M and amIm
When comparisons between experimental and computational results are being made, it

is helpful to be aware of the sensitivity to small variations in the parameters and of the
uncertainties in the measurements. For the present model with sonic or near-sonic flow the
real and imaginary distributions R(X) and I(X) are sensitive not only to frequency but
also to small changes of M and am.

As shown in Fig 7.2 the tests for the mean conditions M = 0.90, am = 40 and M = 0.95,

am = 4.750 corresponding to CT Cases 5 and 7 or 8 are each surrounded by eight neighbouring
test cases with small differences in M and a . It is from these matrices of tests that
information on sensitivity can be obtained. m

Fig 7.16 shows for the initial condition M 0.90, am = 40, the separate effects of

making changes of ±0.20 in em and ±0.01 in M . Whilst the forward peaks in R(X) and
I(X) show some sensitivity to the incidence change, it is the rear peaks that show most
sensitivity to the Mach number change. The increase from M = 0.89 to M - 0.90 changes the
mid-chord crinkles to a distribution with well-defined peaks. A further increase to
M - 0.91 displaces the peaks to the rear.

For the initial condition 14 - 0.95, am =4.750 the distributions are relativelyinsensitive to incidence changes of 0.250, but quite sensitive to the Mach number changes

of ±0.01 as shown in Fig 7.17. The distributions for section 2E demonstrate an important
point: when a peak has become very sharp, it may just be detectable from only a single
point, as for M 0.95, or may even be 'lost' between measuring positions as we believe
has happened for M - 0.96. Section 4E show§ a highly sensitive negative peak in R(X) .

Figs 7.18 and 7.19 may be of special interest when assessing the significance of

any differences between computational and experimental data. They show the measurements
corresponding to the 40 Hz CT Cases for M = 0.90, a 4 and N - 0.95, 5m " 475O within

* envelopes that enclose all the data measured for the surrounding test matrices. It is
suggested the envelopes could be a help in deciding on the tolerances to be accepted when
judging the results of computations,

for CT Cases 1# 4 and 6, an seen in Table 7.2, numerical data obtained in the ONERA

S2 tunnel are included for comparison with tho Uda obtained from the main source, tileK ST of NLR. in the condtions M - 0.90, am a 40 and M - 0.95, am a 4.750 corresponding
~to CT Cases 5 and 7 no measurements are available from the S2 tunnel. Hloweveor compari-

sons between the two tunnel# are available for tile two nearby conditions, M w 0.90#
am a 50 and M * 0.95# am U 50 and are shown in Figs 7.20 and 7.21. It must be emphasised
that the results from both tunnels were obtained using the same techniques and with the
same instrumentation, so that f-om these comparisons it is impossiblo to draw conclusions
about any uncertainties arising from the instrumentation itself. The comparisons do how-
ever give some idea of the likely spread in the data from items such as tunnel inter-
feronce, the character of the tunnel flow and tho consistency of the parameter settings.

Since the results from the two tunnels are regarded as having equal 1wight', a
theoretical result which, when compared with the results from one tunnel, shows similar
discrepancies to those In Pigs 7.20 and 7.21 could be regarded as being in general agree- V
went with experiment.

I EGNERAL DESCRIPTION OF MODtL

1.1 Designation NORA model

1.2 Type Halt model

1.3 Derivation UorLzontal tail surface of Mirage PI

1.4 Additional remarks -

1.5 Roferences Ref 7.1



2 MODEL GEOMETRY

2.1 Planform For the actual model, see Fig 7.1. For the
computational model, see Ref 7.2 for modififed
planform with streamwise tip

2.2 Aspect ratio 2.01

2.3 Leading-edge sweep 50

2.4 Trailing-edge sweep 130 26'

2.5 Taper ratio 0.3515 (for the computational model)

2.6 Twist None

2.7 Root chord 650 mm

2.8 Span of model 442.5 mm

2.9 Area of planform 0.1944 m2 (for the computational model)

2.10 Location of reference 1 The profile is based on the symmetric NACA
sections and definition of 63006 modified to a thickness ratio of about
profiles 5% and with a small updroop near the nose.

For details of actual model, see Figs 45 and
2.11 Lofting procedure between 46 of Ref 7.1. For the computational model,

reference sections see Ref 7.2

2.12 Form of wing-body, or wing- Clearance between root and tunnel wall. Small
root junction fillet attached to model to cover shaft aper-

ture, see Fig 4a of Ref 7.1

2.13 Form of wing tip Actual model? sharp
Computational model: square cut

2.14 Control surface details None

2.15 Additional remarks -

2.16 References Refs 7.1, 7.2

3 WIND TUNNELS

3.1 Designation lST: NLR High Speed Tunnel (liST)
S2t ONERA Modane S2

3.2 Type of tunnel HSTt Continuous, variable pressure
S2: Continuous, variable pressure

3.3 Test section dlmensions LIST, Height a 1.60 m, width - 2.00 m,
'length - 2.50 m

S2t Height 1.77 m, width a 1.75 m,
length - S.40 m (of perforatod part)

3.4 Type of roof and floor ilSTi Slotted, each having feur whole slots and a
h-slot at each corner

82: Perforated platen, with holes Inclined 600 to
the normal. Each plate is backed by a par-
forated sheet which can be slid to vary
porosity

.1|. 3.5 Type of tldewall* 11STt Solid hsn. .. S 2 M SoIlid -!

: 3,5 ventilation geomtry HSTt Roof and floor Are 12* open "

521 Porosity of root and floor chosen according to
-:'Hach number. It open for H - 0.00 and
:'H; 1 .10; 61 open for N "0.9 and 1 - 0.95

3.7 Thickness of side wall USTs 7 t approximately
boundary layer 32: 90 to 170 mm

3.8 Thickness of boundary 1ISTs -
layers at roof and floor $2: -

3.9 Method of moasuring Mach ST: Derived from tattling chaobor stagnation and
number plenum chamber static pressures

S2:-

3.10 Plow angularity HST: -
S2:
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3.11 Uniformity of Mach number HST: -

over test section S2: AM/Ax =3 x 10-3 m-1 for 0.70 < M < 0.92

3.12 Sources and levels of HST: Less than 1% in rms p/q for M = 0.8
noise or turbulence in S2: Velocity turbulence: 0.2%
empty tunnel

3.13 Tunnel resonances HST: No evidence of resonance in present tests

3.14 Additional remarks HST: Information about flow angularity and Mach
number uniformity available only along test
section centre-line

S2: Accuracy of Mach number, AM -0.001

3.15 References on tunnel HST: Ref 7.3
S2: Refs 7.4, 7.5, 7.6

4 MODEL MOTION

4.1 General description Rigid-body oscillation about swept axis shown
in Fig 7.1. Sinusoidal in time

4.2 Reference coordinate and Rotation 0 = 6o sin wt measured in
definition of motion streamwise plane y = 0 at the root

4.3 Range of amplitude 0.250 4 80 4 1.000

4.4 Range of frequency Standard frequencies for main data: 5, 40 and
60 Hz. A few special tests at other frequen-
cies up to 95 Hz, see Ref 7.1

4.5 Method of applying motion Forced by hydraulic rotary actuator

4.6 Timewise purity of motion Purity of sinusoid considered to be adequate

4.7 Natural frequencies and Lowest natural frequency of system: torsion
normal modes of model and of drive shaft at 100 Hz approximately
support system

4.8 Actual made of applied motion See Introduction and Tobles 7.5 and 7.6
including any elastic
deformation

4.9 Additional remarks

5 TEST CONDITIONS

5.1 Model planform area/ USTI 0.06
tunnel area S2t 0.06

5.2 Model span/tunnel width USTI 0.22
S2: 0.25

S.3 Blockage U STI 0 '3 t for zero incidence

~S21
5.4 Position of model In ISTI Standard side-wall position

tunnel S2t Standard wall mounting position

5.5 Range of Mach number iSTI 0.60 4 M 4 1.10, see Table 7.1
S2.t 0.80 4 N # 0.95

5.6 Range of tunnel total 0.46 4 Pt # 0.9 bar, see Table 7.1
pressure

5.7 Rane ftunl total 1St30 0C 4 T 380CStemparature S2 t 180C 4 0' 20°c

5.8 Range of model steady, USTI 0.!s .4 < 5.00
or mean, Incidence 82* -1.00 4 a 5.00

5.9 Definition of model Chord line of basic symmetrical section was
incidence datum for Incidence

5.10 Position of transition, -



5.11 Position and type of trip, if Metal tapes with 'coronets' about 0.09 mm
transition fixed high fixed at 5% local chord on both surfaces

5.12 Flow instabilities during None encountered
tests

5.13 Changes to mean shape of Not measured, but considered negligible
model due to steady aero-
dynamic load

5.14 Additional remarks

5.15 References describing tests Ref 7.1

6 MEASUREMENTS AND OBSERVATIONS

6.1 Steady pressures for the mean conditions

6.2 Steady pressures for small changes from the mean conditions

6.3 Quasi-steady pressures (5Hz)

6.4 Unsteady pressures

6.5 Steady section forces for the mean conditions by integration
of pressures

6.6 Steady section forces for small changes from the mean conditions
by integration

6.7 Quasi-steady section forces by integration

6.8 Unsteady section forces by integration

6.9 Measurement of actual motion at points on model

6.10 Observation or measurement of boundary layer properties

6.11 Visualization of surface flow

6.12 Visualization of shook wave movements

6.13 Additional remarks

7 INSTRUMENTATION

7.1 Steady pressure

7.1.1 Position of orifices Soe Pig 7.1 and Table 7.3
spanwiso and chordwise

7.1.2 Type of measuring system Orifices connected by tubas to conventional
utml-based system

7.2 Unsteady pressures

7.2.1, Position of orifices fte Pig 7.1 and Table 7.3
panwiso and chordwise

7.2.2 Diameter of orifices 0.8 m

7.2.3 Type of measuring syatam each orlfic2 closoly conoected to ita own
transdu cr instaild within model

7.2.4 Type of tranaducera Nulito XCQL 093
7.2.5 Principle and accuracy of Daily calibr;.ion using portable oscillatory

calibration pressure generator. Accuracy probably a few* 4t percont

7.3 model motion
7.3.1 Method of measuring motion Watary potentioratvr attached to drive shaft,

reference coordinate calibrated to give duflection 8
* 7.3.2 Method of detertvning Six accolerom eterg installed within model;

ipatial mode of notion see F g 7.1 and Table 7.4

7.3.3 Accuracy of measured Resolution of 0, abovt .0.O. Acceolromters
motions realdinss, accurate to a few percent

0
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7.4 Processing of unsteady
measurements

7.4.1 Method of acquiring and Pressure and accelerometer signals processed
processing measurements sequentially in groups by ten parallel

channels. Each channel consisted of analogue
circuitry giving output voltages proportional
to Fourier fundamental components. Output
voltages digitized and fed to computer for
conversion to coefficients, display and
disc-storage

7.4.2 Type of analysis Components in phase and in quadrature with 0,
averaged over 8 seconds

7.4.3 Unsteady pressure quanti- Fundamental harmonic coefficients of pressure,
ties obtained and accurate to a few percent. Chordwise integra-
accuracies achieved tion to give section lift and moment contribu-

tions from upper and lower surfaces, but
accuracy low because of wide spacing

7.4.4 Method of integration to Polygonal summation, see Appendix C of Ref 7.1
obtain forces

7.5 Additional remarks

7.6 References on techniques

DATA PAESENTATION

8.1 Test cases for which data Table 7.1
could be made available

8.2 Test cases for which data are Table 7.2
included in this document

8.3 Steady pressures Tables 7.7 to 7.13

8.4 Quasi-steady or steady Data for 5 Hz in Tables 7.14 to 7.27
pertucbeation pressures

8.5 Unsteady prossurea Tables 7.14 to 7.30

8.6 Steady forvtu oz stnentn Oct included

a.; Quasi-steady o~r ste~dy Not iLtu0W
perturbati on forces

8 Utoadey fora and momots tNot in~cluded

8.9 other" t'ou in hkh| J4ta Unseady prvss.|r# s mcasure at tunnel roof
could Le "ed av ilable

8.10 Rvferene* givig other g 7.1
presentations of data

9 COMEXXIt WOt DATA

9.1 Ikc'uracy

9.1.. NaeS inuW1er -O.OOS
9.1.1 3teady ionodenca 100O0

9.1-.3 Mduoed fri-quency Bettex titan 26 of noaial value due to
Itemperature variations

9.1.4 "teady pre~sur-e HL tO 10.005coefftien~ !... .e

9.,5 Steady pressure derivatives - .

9.1.6 Unsteady pressure Thr unlot'aAnitsa in the 000 tierttv R~ at I
iitteAr* pteu~,bty t1O02.+ '1V) wir,, I W,

or

9.- Sontvit1t¥ to sall ohanggsc S"Jr? kofdutin and 1 19P 7t$ M) 7.19
of part~oter

9.3 Nn-linearltes oxfmakiced ptesiuro coerf -(erts not onsttvo.

9.4 Influence of tunnel total ;f feots af a9y4Y0ld nu uer not ,iPIM03tmad

pressuire, ,4
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9.5 Effects on data of Not large for 5 Hz and 40 Hz. See Introduction
uncertainty, or variation, in and Tables 7.5 and 7.6
mode of model motion

9.6 Wall interference corrections No corrections applied to any data. Values of

M and am are tunnel settings

9.7 Other relevant tests on
same model

9.8 Relevant tests on other models
- of nominally the same shape

* 9.9 Any remarks relevant to
comparison between experiment
and theory

9.10 Additional remarks

9.11 References on discussion of Ref 7.1
data

10 PERSONAL CONTACT FOR FURTHER INFORMATION

Mr B.L. Welsh, Royal Aircraft Establishment, Bedford MK41 6AE, England (or, if
convenient, any of the authors of Ref 7.1).

11 LIST OF REFERENCES

7.1 N. Lambourne Comparative measurements in four European wind tunnels of the
R. Destuynder unsteady pressures on an oscillating model (the NORA experiments).
K. Kienappel (1980) Issued in each of the following for-ez
R. Roos RAE Technical Report 80016

ONERA 1589/ORt Note Technique 10/5115 RY
DFVLR-FB 80-30
NLR TR 80066 U
Also published as AGARD-R-673, but this does not contain the
Appendices giving full details of the model and tests.

7.2 S.R. Bland AGARD three-dimensional aeroolastic configurations.
AGARD-AR-167

7.3 - Users guido to the high speed wind tunnel.
iIST of NL (revised edition) (1977)

7.4 K. Pierre The aerodynamic test center of Modane Avrieux.
G. Fasso ONERA Technical Note 166E (1972)

7.5 N. Pierre Exploitation du centre dlessai aerothonwdynamLque do 4odano Avrieux.
G. Fasso ONEIA Note Teclnique 181 (1971)

7.6 V. Wimitt Exprimntal data base for computer program, asessment.
F. Charpin AGAIi4 AM 138, pp.01-1 to 01-44 (1979)

12 WTATIO4

Genoz~a I

c local chord

•a cr oot chord
Cr/ O CO/ 0  normlsd fuiantal in-phase and in-quadraturao comneatt of oscilli -

tory preSsure opsoctio-ely p'/qfO and pI/q# 0  tad )

,E as in 2E, 49, donotes detradoo, or upper surface

oscillation frequency (UM), U/2%

I as in 21, 41, denotes intrados, ox U.-war surface

K norma~sied ftndaontal in-qgadrature component of pesure, -p /ptaO
(tad -

chordwise distribution of I

k reduced frequency, ocr/2V

N stmreasmoba number
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ML local Mach number at surface of model, ML = [(p/pt)-2/7 - 1 /2

p pressure

Pt stream total pressure

p', PH fundamental components of pressure respectively in phase and in quadrature
with oscillatory motion 0

q stream dynamic pressure

R normalised fundamental in-phase component of pressure -p'/ptO0 (rad-)

R(X) chordwise distribuion of R

s span of model

t time

TO  stream total temperature

V stream velocity

x, y coordinates in plane of model, see Fig 7.1

X (LE(Y) coordinate of local leading edge

xa(y) local chordwise position of oscillation axis
X local chordwise position,

z upward displacement normal to plane of model

a incidence of model (deg)

am steady, or mean, incidence (deg)

n non-dimensional spanwise position, y/s

0 coordinate for specifying angular oscillatory motion, positive nose up,
measured in planes parallel to plane y = 0 . Reference at drive shaft
8 = e0 sin wt (deg)

0 0reference amplitude of motion, identical to a of Ref 7.2 (deg)

non-dimensional chordwise position, (x - xLE)/c

w oscillation frequency (rad"1 )

Chordwise sections are identified OE ... 6E and 01 ... 61 1 see Table 7.3 for positions.

Tables 7.7 to 7.13

MLOC local Mach number, ML
EXTR extrados = upper surface
INTR intrados = lower surface

Tables 7.14 to 7.30

PRESSURE stream total pressure, pt
The factor (C/R) = (CI/I) , whose value F in given at the head of each table can be

used to obtain C/00  and Cp/00 , but note that a change of sign is required, thus:

C;/0 0 - - R x F

C;/00 W - IX F

Figures 7.8 to 7.12

Modulus - (R2 + I2)

tan 0 = X/R.

" i~
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Table 7.2

DETAILS OF EXPERIMENTAL CASES FOR WHICH DATA ARE INCLUDED

Steady ML  Oscillatory pressures
Tam a0 0 f k P Re

Case (deg) (deg) (Hz) nominal (bar) xlO 6

nominal Test No. Table Test No. Table Test No. Table

- 0.80 0 0.5 5 0.038 0.90 7.8 2010 7.7 2185 7.14 - -
1 0.80 0 0.5 40 0.31 0.90 7.8 2010 7.7 2010 7.15 80 7.28

- 0.80 4.0 0.5 5 0.038 0.90 7.8 2014 7.8 2190 7.16 - -
2* 0.80 4.0 0.5 40 0.31 0.90 7.8 2014 7.8 2014 7.17 - -

3 0.90 0 0.5 5 0.035 0.60 5.5 2029 7.9 2124 7.18 - -
4 0.90 0 0.5 40 0.28 0.60 5.5 2029 7.9 2029 7.19 76 7.29

- 0.90 4.0 0.5 5 0.035 0.60 5.5 2035 7.10 2136 7.20 - -

5* 0.90 4.0 0.5 40 0.28 0.60 5.5 2035 7.10 2035 7.21 - -

- 0.95 0 0.5 5 0.034 0.60 5.6 2046 7.11 2114 7.22 - -
6* 0,95 0 0.5 40 0.27 0.60 5.6 2046 7.11 2046 7.23 69 7.30

7 0.95 4.75 0.5 5 0.034 0.46 4.3 2083 7.12 2100 7.24 - -
8 0.95 4.75 0.5 40 0.27 0.46 4.3 2083 7.12 2083 7.25 - -

- 1.10 0.55 0.5 5 0.030 0.60 5.8 2045 7.13 2113 7.26 - -

9 1.10 0.55 0.5 40 0.24 0.60 5.8 2045 7.13 2045 7.27 - -

* Denotes CT priority case.

Table 7.3

POSITIONS OF PRESSURIE HOLES

Section 0 - 2 3 4 5 6

y/ 0.133 0.389 0.524 0.612 0.712 0,786 0.895

Pressures Steady Steady Unsteady Steady Unsteady Steady Steady

El Extrados (upper surface)

X - 0,0125 0.025 0,012 0.05 0.012 0.075 0.10
0.025 0.05 0.025 0.10 0.025 0.15 0.15
0.05 0.10 0.05 0,15 0,05 0.22 0,22
0.10 0.15 0.10 0.22 0.10 0.30 0.30
0.22 0.22 0,20 0.30 0,20 0.40 0.40
0.30 0.30 0,28 0.40 0.28 0.50 0.50
0.40 0.40 0.35 0650 0.3 0.62 0462
0.62 0.50 0.40 0.62 0.40 0.75 0.75
0.75 0.62 0.45 0.75 0.45 0,88
0.90 0.75 0150 0.90 0450

0.90 0.53 0.55
0.60 0.60
0.65 0,65
0.70 0.70
0.l0 0.80
0.87 0.87

1. Intrados (lower surc.)

1 - 0.0125 0.025 0.05 0.05 0.05 0.075 0.10

0,025 0.05 0.10 0.10 0,10 0,15 0.15
0.05 0,10 0.20 0.15 0620 0.22 0.22
0.10 0.15 0.28 0.22 0.28 0.30 0.30

0.22 0.22 0.40 0.30 0,40 0.40 0.40
0.30 0.30 0.50 0.40 0.50 0.50 0.5 'o
0.A0 0.40 0.10 O.5O 0.60 o.62 0.62 :

0662 0450 0.70 0.62 0.70 0.75 0.11
0.75 0.62 0.75 0.85
0.90 0.75 0.07 , -\ ""..0 8 . .. , - " .7:

. : _ - --- 
2"



Table 7.4

POSITION OF ACCELEROMETERS IN RELATION TO x. (y) THE CHORDWISE POSITION

OF THE DESIGN AXIS OF OSCILLATION

Forward position (A) Rearward position (B)

Accel. No. x. A Accel. No. XB - Xa

(W) (mm)

0.169 1 260 2 180

0.655 3 110 4 90

0.931 5 55 6 48

Table 7.5

DISPLACEMENTS DEDUCED FROM ACCELEROMETERS. DISPLACEMENTS Z' AND Z" , MEASURED IN mm,
ARE RESPECTIVELY IN-PHASE AND IN-QUADRATURE COMPONENTS PHASE REFERENCED

TO DATUM ANGULAR DISPLACEMENT 8

Note: These are taken from Ref 7.1 but a change of sign has been applied throughout

n 0.1 69  r"0,655 - 0.931

Test Accel. No.I Accel. No.2 Accel. No.3 Accel. No,4 Accel. No.5 Accel. No.6
No. (A) (B) (A) (B) (A) (B)

q z Z N z Vt Z1  Z Z t
A B B ZA - A B zA B A B

2010 2.322 0.086 -t.602 -0.038 1.148 0.072 -0.672 0.027 0.753 0.089 -0.211 0,084

2014 2.305 0.125 -1.570 -0.080 1.184 0.083 -0.598 -0.009 0.847 0.077 - 0.056

2029 2.314 0,104 -1.614 -0.058 1.116 0.073 -0.708 0.009 0.709 0.086 -0.271 0.056

2035 1.271 0.150 -1.567 -0.100 1.138 0.089 -0.639 -0.023 0.769 0.080 -0.15" 0.053

2046 2.297 0.079 -1.590 -0.051 1.130 0.052 -0.661 0.009 0.743 0.061 -0.209 0.044

2083 2.282 0.113 -1.584 -0.092 1.124 0.040 -0.653 -0.047 0.756 0.019 -0.203 -0.033

2045 2.323 0.046 -1.590 -0.049 1.173 0.009 -0.621 -0.029 0.802 0.000 -0.143 -0,0i6

Table 1.6

LOCAL DISPLACEMENTS IN PITCH (Ot)t AD NORMAL TRANSLATION OF DESIGN AXIS (Zc) ,

3. PHASE REFERENCED TO DATUM 0 0 sln wt. CO-MPLEX QUANTITIES 0 AND Z ARE DERIVED

FROM TABLES 7.4 AND 7.5 ON THE BASIS TIHAT CkJORt)WISE 5ECTIONS DO NOT DEFORM, THUS

on' (Z0A - B) - XA)  2 -i N

11XA

a N.o o !e ZI z ,

iji 2 0.80 4.0 2014 0.50 0.50 3 0.01 14 0.51 2 0.21 9 - "

4 Oo9o 0 2029 O.50 0o 1 2 0.01 -49 0.52 2 0.12 19 0.55 2 0.20 21

5 0.90 4,0 2033 0.50 0.50 4 0.00 - 0,51 4 0.16 10 0.51 2 0.28 13

6 0,95 0 2046 0.50 0.,3 2 0.00 0.,51 1 0.15 1, 0.53 1 0.24 32

P 0. 9 5 ls 0.40 0.50 3 0.01 -106 0.53 3 0,3 -3 0. 4 3 0.24 -2

9 ...0 0.55 2045 0.50 0.53 1 0.01 -43 0.53 I 0.19 -4 0.53 l 0.30_ -2

- . -. , - -': - - L
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Fig 7.1 Model and rotary oscillator
(dimensions in mmu)
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Fig 7.8 Oscillatory pressures. Influence
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Fig 7.16 Oscillatory pressures. Sensitivity
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